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ELECTRIC EQUIPMENT AND RECONSTRUCTION OF THE 
NEW YORK TERMINAL LINES AND GRAND CEN- 
RAL STATION, NEW YORK CENTRAL & HUDSON 
RIVER RK. R. 


During the past three years the New York 
Central & Hudson River R. R. Co. has been at 
work equipping its passenger terminal in New 
York City for electric traction. Under the stimu- 
lus of commercial and operating necessity and of a 
legislative act which required the company to 
undertake the removal of steam locomotives from 
the Park Avenue tunnel (a part of the railway’s 
terminal approach in the City of New York), the 
work was taken up by the railway officers in a 
broad and comprehensive fashion, and has far 
exceeded the scope necessary to fulfill the law’s 


itself. 

III. Laying additional tracks on the two divi- 
sions mentioned within the Electric Zone. The 
Hudson Division, which now has four tracks on a 
small part of its length, three tracks for most 
of the distance, and only two tracks at a few 
points, will be fitted with four tracks throughout 
the Electric Zone, with six tracks at many points, 
and at some places eight. The Harlem Division, 
which already has four tracks to Woodlawn 
(where the New York, New Haven & Hartford 
Ry. leaves the New York Central terminal tracks 


.on its way to New Haven), will be four-tracked 
_ from this point out to North White Plains. These 


provisions will enable a complete separation in 
the Electric Zone of suburban (or local) and 


crossings will be eliminated. In connection with 
the track improvements it may be remarked that 
left-hand running, which has long been and is 
still being used between Grand Central Station 
and Spuyten Duyvil, will be abandoned in favor 
of universal right-hand running. 

The work arranged roughly under these four 
heads is of great magnitude and of extreme im- 
portance and interest. It presents, in part, the 
complete solution of an old and difficult prob- 
lem: the problem of bringing the New York Cen- 
tral’s heavy passenger-traffic into the heart of New 
York City at once safely, expeditiously and with- 
out creating a public nuisance in the high-class 
residence quarter through which the line south of 
the Harlem River runs. In part, a new technical 


ENS. News. 


VIEW OF NEW GRAND CENTRAL TERMINAL 


requirements. In ithe form now being exe- 
cuted—and nearing completion—the terminal 
work embraces the following items: 

I. Equipment of the company’s principal pas- 
senger lines out of New York City for electric 
traction, to a distance sufficient to include the 
territory of-heavy suburban or commutation 
travel. The electric installation under present 
plans is being carried as far as South Croton 
on the railway’s main line, a distance of 34 miles, 
and to North’ White Plains on the Harlem Divi- 
sion, 24 miles out from the Grand Central Sta- 
tion, the New York terminal. In contrast to these 
wide limits of what the railway terms its Electric 
Zone, it is noted that the Park Avenue tunnel, 
‘wo miles long, is wholly included within a dis- 
‘ance of three miles from the Grand Central Sta- 
Con, and the railway’s Mott Haven yards, the 
fest point at which a change of motive power 

uld practicably be made, is only five miles from 

e terminal. 

II. Extensive enlargement of the terminal yard 

Grand Central Station, and complete recon- 


STATION OF NEW YORK CENTRAL & HUDSON RIVER R. R., NEW YORK CITY. MAIN OR 


FORTY-SECOND STREET FRONT. 
(Halftone from Wash Drawing.) 


through traffic, by giving one local and one 
through track in either direction. 

IV. Improvements in. alinement and trackage 
at numerous points in the Electric Zone. The 
most important single piece of work is at Kings- 
bridge, at the upper end of Manhattan Island, 
New York City, where a large S-shaped curve 
is being straightened, eliminating three-quarters 
of a mile of distance and seven grade crossings. 
This change is known as the Marble Hill 
Cut-off. Rectification of alinement is also 
planned, or in progress, at many points along 
the Hudson River, the tracks being carried 
farther inland at some points, and at others 
across indentations of the river bank. Rather 
extensive work is also involved in track improve- 
ments on the short Port Morris spur, which runs 
from the main line at Mott Haven to tidewater 
at Port Morris, where lighterage and car-ferry 
terminals are located. At Mott Haven a new 
station will be built, second in importance only 
to the Grand Central Terminal. At the Mott 
Haven track junction, where two four-track lines 


condition is presented: the operation of a large 
terminal division of a first-rank trunk line by 
electricity, with equal regard to a _ heavy 
through traffic at all hours of the day and a 
heavy suburban or commuter traffic concentrated 
in the morning and evening hours. This condi- 
tion, in both its operating and its constructional 
aspect, is new in the transportation art. The case 
of the New York Central’s Electric Zone exhibits 
nearly all of the important points of difficulty in- 
volved in complete electric operation of a large 
railway system, and this on a full-size scale. 

A general description of the work is given in 
the following article, compiled from authoritative 
data and drawings. In way of preface we give a 
brief outline of the causes leading up to the work, 
and the stages through which the New York 
terminal problem has passed: 

For many years past ‘the passenger entrance 
of the New York Central & Hudson River R. R. 
into the city of New York has been substantially 
the same as it is at present: Leaving the east 
bank of the Hudson River (which is followed 
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curve eastward and then runs 
southerly along the east bank 
of the Harlem River, generally 
under the lee of a high bluff, 
to a draw-bridge at 138th St., 
where it crosses onto Manhat- 
tan Island. 

Up to about ten years ago 
this bridge was a _ low-level 
structure and had to be opened 
for every passing tug-boat and 
barge. The interruptions to 
the railway service became so 


Sherman great that it was replaced with 
294M a new structure at a sufficient 
height to pass ordinary tug 

boats and barges without open- 

\ ing the draw. At the same 
time, by joint action of the 
Aensico railway company and the city, 


the line from the Harlem River 
south to 99th St. was placed 
on an elevated structure. At 
99th St. begins the well-known 
Park Ave. tunnel, which con- 
tinues south for two miles to 
56th St.; from this point to the 


Ave. and 42d St., the tracks fan 
out into a small terminal yard. 
A short distance northeast 
of the Harlem River crossing, 
at Mott Haven Station, in the 
Borough of the Bronx, New 
York City, a separate divis- 
ion of the New York Cen- 
tral, the Harlem Division, 
which extends north 127 miles 
to Chatham, N. Y., joins the 
main line for entrance into the 
Grand Central terminal. The 
Harlem. division carries, be- 
sides its Own suburban and 
_ through traffic, the entire pas- 
senger traffic of the New York, 
New Haven & Hartford Ry., 
which joins it at Woodlawn, 
6% miles north of Mott Haven. 
All this traffic debouches into 
, the New York Central main 
line at Mott Haven for en- 
trance into the Grand Central 
terminal. 

There are two other New’ 
York Central lines entering 
New York City, but they are 
not concerned in the present 
improvements, ~nor do they 
greatly affect them. These are: 
(1) A branch leaving. the main 
line at Spuyten Duyvil and 
running thence south along the 
east bank of the Hudson River 
to a freight terminal at 30th 
St. and Ninth Ave., from where 
a freight track extends south 
through Tenth Ave. and West 
St. to a freight depot at St. 
John’s Park, in the lower New 
York wholesale district. (2) A 
passenger line, wholly distinct 
from other lines of the New 
York Central system, extend- 


ing south about midway be- 
tween the Hudson River and 
e 
< Flectrically the Harlem Division, and 
e 1 a Equipped. crossing the Harlem River at 
< = 159th St., where it makes con- 
> e Sub- 1017S. 
- 4 7S. nection with the West Side 
2 re Power-Stations. elevated lines of the Manhat- 
° Other Railways. tan Ry. (Interborough Rapid 
° Transit Co.); this is known as 
o 3 4 the Putnam Division. While 


Miles. 


both these lines are of interest 


FIG. 1. 


south 160 miles from Albany, N. Y.) at Spuyten 
Duyvil Creek, the northern boundary of Man- 
hattan Island, the line describes a great sigmoid 


MAP OF NEW YORK TERMINAL LINES AND ELECTRIC 
ZONE, NEW YORK CENTRAL & HUDSON RIVER RAILROAD. 


in a general consideration of 
the New York terminal prob- 
lem, and have much local im- 
portance, they do not affect 


the work here to be described, and no further 
mention will be made of them. 
The four-track line from Mott Haven to the 


Grand Central Station, at Park - 


Grand Central Station, as noteq abov 
a traffic which is perhaps Without 
the records of railway terminals. 
trunk lines and an important branch 
all their through passenger traffic .. 

in the morning and evening “rush” en 
three lines add to this a very heayy 
traffic. The daily movement over th: 
present about 1150 trains and light engin 
number includes 640 revenue trains, 
45,000 passengers. The line has for ye 
taxed to its utmost eapacity. The r 
points on the line are the junction { = 
Haven, the Harlem River crossing, the : 
switching facilities at Grand Central 
the Park Ave. tunnel. 

The latter has been by far the most 
not only in limiting the traffic capacity, b 
in making travel (in summer especial! 
cessively uncomfortable, because of the hic 
perature and the dense atmosphere of smo) 
gases. The last-named conditions, by whee 
the light of signal lamps and therefore co 
ing slow running of trains, reduced the c 
of the tunnel in spite of one of the most in 
and complete signal systems in the world. ° 
conditions were also directly responsible for +. 
serious railway accidents, which occurred 
tunnel, one in 1891,* the other in 1902, bor); 
collisions. The more recent of these ace) 
had much influence in starting the presen: 
provements. It cannot be called their 
cause, however, because long before the co 
there had been great public dissatisfaction 
the condition of the Park Ave. tunnel, and much 
agitation for this or that form of improvement, 
as also frequent deliberation of the subject by 
the company’s Board of Directors. 

Previous to the accident of Jan. 8, 1902, sey- 
eral schemes for the improvement of the tunnel 
had been advanced, some by the railway com- 
pany, others by outside parties, having in view 
the amelioration of either traffic conditions or 
sanitary conditions, or both. The plan 
favored by the company was the partial conver- 
sion of the tunnel into open cut (see for example 
Engineering News of Oct. 17, 1901), but this was 
objected to by abutting property owners as it 
would make worse a condition which they already 
considered unbearable. A plan for forced ventila- 
tion, by fans and chimneys, had also been worked 
out, which plan was favored by the public as it 
involved covering the existing openings of the 
tunnels. This plan met with no sympathy on the 
part of the company, however, because any )0s- 
sible amelioration of the smoke nuisance would 
but partially cure a trouble which the company 
felt could be radically cured only by a very large 
increase in the terminal facilities at the Grand 

_ Central Station, combined with change of motive 
“power from steam to electricity. As more fully 
noted below, the company had given serious con- 
sideration to electric traction as far back as |S‘), 
and the accident of 1902 merely hastened the 
decision. Tne great amount of consideration 
given to the problem of this tunnel is reflected 
by the abundant references to it in the pages of 
Engineering News during the past five or six 
years.t 


After the 1902 accident, the existing signa! sys- 
tem in the tunnel (lamp, bell and torpedo) was 
improved by adding an equipment of Miller sis- 
nals, which makes the engineman independent 
of the visibility of fixed signals by lighting red 
or white lamps in the engine cab. This sysie™m, 
with its track circuits superimposed on the ex'st- 
ing ones, has been in operation since then. The 
speed of trains while traversing the tunne! was 
reduced, and the blocks were lengthened to 2 
minimum of % mile. These expedients, con'rib- 
uting variously to safety and rapidity of train 
movement, had no effect on the bad conditi.» of 
the air in the tunnel. 

Meanwhile it had become more and more °v!- 
dent that no insuperable difficulties lay in the 
way of electric operation of the termina! line, 

*Eng. News, Feb. 28, March 7, April 4, 1901. 

Eng. News, Jan. 9, 1902, and following issues 


tSee especially Eng. News, 1901, I, pp. 17, 16. | w1, 
Il, pp. 24, 88, 95, 290, 40%; 1902, I, pp. 67. 68, 7. 1". 


§Eng. News, 1902, II, 527. 
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which would keep the steam locomotive out 
* the tunnel and thus solve the major difficulty. 
rhe successful use of large-capacity electric lo- 
-omotives by the Baltimore & Ohio Ry. in its 
Raltimore terminal tunnel, and the electric oper- 
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ment necessary, the most suitable type of power 
supply, and the cost of installation and operation. 

An organization of the property-owners ad- 
jacent to the Park Ave. tunnel in 1901, was ac- 
tive in agitation for legislation to compel the use 
of electric trains in the tunnel. The serious ac- 
cident of Jan. 8, 1902 had a large influence in 
inducing action by the public officials whith fin- 
ally took the form of a legislative act compelling 
a change to electric motive power to be made by 
the year 1908. 

In the discussions which preceded this legisla- 
tive action, the city authorities came to an un- 
derstanding with the railway company that the 
city would not oppose such extension of the 
Grand Central terminal yard as might be found 
necessary for satisfactory operation of the elec- 
tric system. This agreement, or rather the yard 
extension which it facilitated, is of much im- 
portance to the improvements here in question. 
The cramped -track facilities at. the terminal 
were in no small degree contributory to the bad 
traffic conditions in the tunnel, partly by inter- 
fering with freedom to arrange trains in a way 
to utilize the tunnel fully at all hours, and partly 
by compelling a great amount of empty train 
movement between the terminal and the Mott 
Haven storage yards. Moreover, it was impos- 
sible, for lack of capacity, to adequately ac- 
commodate (not to say develop) thé suburban 


ably not be subjected to this delay, and as elec- 
tric power must be used at the New York end, !t 
should preferably be used throughout the zone of 
suburban travel. But when complete electric 
operation of suburban trains is possible, the value 
of high acceleration and high net load ratio as 
obtainable by multiple-unit operation claims at- 
tention. Also, since with adequate terminal 
trackage it is possible to make a complete separa- 
tion of local from through traffic, the two kinds 
of traffic may be handled as separate problems, 
aside from current supply; there is then no in- 
congruity in using electric locomotives for through 
traffic and multiple-unit trains for suburban. With 
suitable track and way-station changes the phys- 
ical separation of the two kinds of traffic may be 
carried throughout the zone of electric operation, 
and the operating advantages of separated traffic 
may be realized to their full extent. Of the main 
features of the work only a single one, the nature 
of the electrical supply, is unaffected by the pre- 
cedent conditions. 
ORGANIZATION. 

The conduct of the large group of undertakings 
embraced by the improvements thus initiated re- 
quired a large and specialized organization for 
planning, designing and constructing. The exist- 
ing engineering organization of the New York 
Central & Hudson River R. R. Co. was at once 
appreciated to be inadequate for the task. The 


FIG. 2. 


ation of elevated railways in Boston, Chicago 
and New York, without going farther afield, gave 
abundant demonstration of the possibility of 
electric working. The far greater complication 
of the problem in the present case still left many 
questions to be resolved, of course, and as to 
financial results under electric terminal opera- 
tion there was no certainty whatever; but the 
mere question of engineering practicability, it 
appeared, required no further demonstration. 
Even before the Park Ave. tunnel accident of 
1902, and long before the electric terminal equip- 
ment here to be described had been decided upon, 
the railway company had, in August, 1901, com- 
missioned Mr. B. J. Arnold to make a study of 


DETAILS OF ROADWAY, SHOWING ARRANGEMENT OF PROTECTED BOTTOM-CONTACT 
CONDUCTOR RAIL USED IN ELECTRIC ZONE, N. Y. C. & H. R. R. R. 


traffic of any of the three lines entering the 
terminal, which condition gave rise to chronic 
dissatisfaction on the part of the commuters and 
(probably) to considerable loss of revenue on the 
part of the two railway companies. With the 
terminal enlargement, however, an adequate 
proportioning of trackage to traffic became pos- 
sible. As the table farther on exhibits, the new 
terminal, as compared with the old, shows an 
increase in ground area of 178%, in track length 
of 151%, and correspondingly in other facilities. 

The determinative factors above outlined led 
quite naturally to the development, in close in- 
terrelation, of the several main features of the 
terminal and electric traction improvements de- 


first step taken to meet the new problems was 
the appointment of an Electric Traction Commis- 
sion, working under Mr. W. J. Wilgus, M. Am. 
Soc. C. E., Vice-President and engineering head 
of the New York Central & Hudson River Ry. 
This commission consists of Messrs. B. J. Arnold, 
M. Am. Inst. E. E., of Chicago, Ill.; Frank J. 
Sprague, M. Am. Inst. E. E., of New York, and 
Mr. J. F. Deems, Genl. Supt. Motive Power & 
Rolling Stock, N. Y. C. & H. R. R., together with 
Mr. Wilgus. At first this commission, with the 


addition of Mr. E. B. Katte as Electrical En- 
gineer, was the only new element, working along- 
side the regular organization under charge of Mr. 
Gradual develop- 


H. Fernstrom, Chief Engineer. 


Track Side of Conductor Rail. 


Rear Side of Conductor Rail. . 


FIG. 3. TWO VIEWS OF TRACK WITH BOTTOM-CONTACT CONDUCTOR RAIL. 


traffic between Grand Central Station and Mott 
Haven, with a view to determining the feasibility 
of electric operation over this line. The resulting 
study (abstracted at length in Engineering News 
of July 31, 19U2, p. 8%) included an extensive ex- 
perimental investigation of the power required by 
‘trains of various kinds running over this line, and 
prouuced conclusions as to the total power equip- 


scribed farther on. Thus, the use of electric mo- 
tive power once fixed, the needs of the traffic 
virtually dictate the adoption of heavy electric 
locomotives for through trains, to be exchanged 
for steam locomotives at some convenient divis- 
ion terminal. For through traffic this inter- 
change gives rise to no great inconvenience. 
Suburban traffic, on the contrary, should prefer- 


ment since that time, however, has produced a 
new and quite specialized organization. 

For engineering purposes the entire railway 
system is divided into (1) the Electric Zone, and 
(2) the Exterior Zone. Each is headed by a Prin- 
cipal Assistant Engineer, reporting directly to the 
Vice-President. The organization of the Electric 
Zone, which is of interest at present, is exhibited 
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in the diagram given just below. It repre- 
sents the exclusively Electric Zone staff, and 
does not include a number of engineering officials 
who report to the Vice-President directly, and 
may have connection with work in either zone or 
both. 

Description of Terminal ard Electric Work. 

A map of the region over which the New York 
Central & Hudson River R. R. Co.’s terminal 
improvements extend is shown in Fig. 1, in which 
heavy full lines have been used to indicate the 

Vice PRESIDENT. 
William, J. Wilgus. 


intervals of 11 ft. by cast-iron gooseneck ped- 
estals, which are fastened each by three %-in. 
lagscrews to a long track tie. A _ two-piece 
porcelain insulator block, molded so as to com- 
pletely surround the upper head and the web of 
the rail, is clamped in the pedestal and supports 
the rail. These insulators are ti ins. long, project- 
ing 1% ins. on either side of the pedestal, which 
is 3 ins. wide; a forged strap, fitting over the 
block, holds it in place in the pedestal. Between 
insulators the rail is surrounded by a built-up 

wooden sheathing, whose 

cross section is similar to 


CONSTRUCTION. 
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divisions over which the electric operation is be- 
ing installed, while other New York Central di- 
visions are shown by heavy broken lines. Croton- 
on-Hudson, on the main line or Hudson Division, 
and North White Plains, on the Harlem Division, 
are the terminal points of the Electric Zone. Each 
division is four-tracked to these points, with two 
suburban tracks on the outside and two through 
tracks in the middle. On each division the sub- 
urban tracks are connected by a loop at the 
northern terminus. All tracks are equipped with 
third-rail, located outside of the track. Elec- 
tric current is supplied to the Electric Zone from 
two generating stations, one located at Port Mor- 
ris, Borough of the Bronx, New York City; the 
o'her at Yonkers, N. Y., on the Hudson River. 
Both stations are on tidewater and can thus re- 
ceive coal both by water and by rail. At these 
stations three-phase current, at 11,0U0 volts pres- 


High Outside Platforms for 
Purely Suburban Stations. 
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SOME TYPES OF PLATFORM ARRANGEMENTS. 
FIG. 4. TYPICAL SKETCHES OF NEW SUBURBAN STATIONS, ELECTRIC ZONE, N. Y. C. & H. 
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High and Low Island Plat- 
ferm for Combination Sta- 
tions. 


Combination Station with Sep>2r- Suburban Station Only, Showing 


that of the insulator. Thus 

1 the live rail is protected 
ARCHITECTURE along its entire length, 
: leaving only the lower head 
a & Stem of the rail projecting from 


the insulating sheath. Pro- 
tection against interruption 
of service by sleet, ice and 
snow has been aimed at in 
this design, as well as pro- 
tection to persons. 

The lower or contact sur- 
face of the conductor 
rail is, as noted in the drawing, everywhere 2% 
ins. above top of track rail; laterally, the center 
of conductor rail is 2 ft. 4% ins. outside of the 
gage line, to the right in the case of the through 
tracks, to the left on suburban tracks. 

At sume special locations it is planned to use 
an overhead conductor in place of the third-rail. 
In approaching such sections an automatic de- 
vice on the motor-car or locomotive will depress 
the contact shoes away from the third-rail and 
will lift the overhead contact arm into place. 

The trackwork and third-rail installation is be- 
ing done by the company forces. 

The changes in trackage and structures include, 
beside complete four-tracking in the Electric Zone 
and installation of conductor-rail, many improve- 
ments in alinement, the construction of inter- 
change yards and repair shops at the terminals 
of the Electric Zone, the elimination of grade 
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off by a rock tunnel, four tracks 
with concrete. This tunnel, 661 ft. ) 
far as we now recall be the first fou 
gle-arch tunnel ever constructed. It } 
been begun, as it is only a minor 
Marble Hill rectification and can be ss : 
into service at any time without inte, 
traffic. The character of the tunne! - : 
as designed. is indicated in the ac, 
drawing, Fig. 6 D. D. Streeter is eo: 7 
the Marble Hill work. is 
At Croton-on-Hudson and North ww») 
the northern terminals of the FEjc 
facilities will be provided for the 
steam to electric locomotives, and vj 
through trains, and suitable shops 
necessary repairs to the electric equip 
It is planned to instal a complete | 
of automatic signals in the Electric Zo 
with a comprehensive system of inter! 
The frequent train service contem; 
the commencement of electrical opera 
it absolutely essential for the safety of : 
and the efficient movement of the tram 
grade street crossings within the lin 
Electric Zone be abolished. This will | 
plished at some points by means of 
bridges; at others by carrying the stre: 
the elevated tracks. Sach improvemen:s wi)! } 
made at High Bridge, Morris Heizhts, U »)) 
Heights, Yonkers, Hastings, Irvingto Tarrv- 
town, Ossining and other points on the Hua 
Division; and at Woodlawn Junction 
Vernon, White Plains and other crossi: 
Harlem Division; also at grade street ero 
between Westchester Ave. and Long Island 
Sound on the line of the Port Morris branch 
The extensive Mott Haven yard and stition im- 
provement, also belongs in this class. 


SUBURBAN STATION PLATFORMS AND 
CANOPIES. 

A very essential phase of the plans developed 
for construction and traffic operation in the 
Electric Zone is the large attention given to 
suburban traffic. This is most strikingly typified 


by the adoption of “high” platforms, i. e., station 
platforms flush with car platforms, for the sub- 
urban sides of the way stations. The greater ease 


R. R. R.. SHOWING HIGH PLATFORMS AND BUTTERFLY CANOPIES. 


sure, is generated. The current is distributed by 
independent three-phase transmission lines to 
eight substations, located along the divisions 
served. At the substations it is transformed to 
low voltage and converted into direct current at 
G60 volts’ pressure, which is the pressure sup- 
plied to the conductor rail. The running rails 
serve as return conductors. 
ROADWAY AND TRACKAGE. 

The arrangement of tracks and conductor rails 
is exhibited in Fig. 2. a cross section through the 
Standard four-track roadway. The feature of 
prime interest is the conductor rail, an under- 
running protected third-rail. The conductor rail 
is a bullhead rail, 70 Ibs. per yd., supported at 


crossings at many points, the reconstruction of 
Way stations in the Electric Zone, and the re- 
building of the Grand Central Station and ter- 
minal. 

Of the improvements in alinement, the most 
noteworthy is the Marble Hill Cut-off, at the 
northern end of Manhattan Island (indicated in 
the map, Fig. 1). Two curves are reduced at 
this point. The large northward curve around 
the bend of Spuyten Duyvil Creek, rendered un- 
necessary by the Government Harlem Ship Canal 
cut, is cut off by a flat curve supported on an 
embankment retained by cribbing on the Ship 
Canal side. The small southward curve, which 
rounds the point of a rocky bluff, is to be cut 
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of traffic interchange with this ar- tance of 350 ft. and low over the remaining that all necessity for crossing tracks at grade be 


<peak strongly for its use in service length, not exceeding 1,000 ft. avoided. The standard plans provide for stair- 
where it is important to make stops The location and spacing of all “high” plat- ways 5 to 15 ft. wide, with o'4-in. risers, 13-in, 
te duration in order to develop full forms is such as to give a clearance of 3% ins. tread, and 1%-in. nose. The station buildings 
’ ae ‘ity. The decision to use high sub- (on tangent) between edge of platform and the will usually be overhead. 
h urba forms, together with the necessity of clearance diagram of the electrical equipment GRAND CENTRAL STATION AND TERMINAL. 
n The plans developed for the new Grand Cen- 
g i tral terminal have three salient characteristics: 
or * 1. <A great increase of size, enabling all the 
o ‘ facilities essential to a terminal to be much en- 
8, - larged; 2. The provision of two tiers of tracks in 
e, the station and yard, one tier for through trains 
m and the other for suburban trains; 3. The use of 
r terminal loop tracks on the suburban tier, to 
or facilitate loading and unloading and to reduce 
the terminal wait of the trains. 
n As brought out earlier in this article, the en- 
r largement of the terminal is‘a vital, not to say 
central feature of the entire group of improve- 
h ments in question. It will make possible an 
8 ample service, rapid, easily arranged to suit 
, traffic conditions and free from congestion of 
i FIG. 5. VIEW OF NEW STATION BUILDING FOR AN OVERHEAD STATION OF N.Y. C. & H.R. tracks, hence an economical service. A large 
e R. R., AT UNIVERSITY HEIGHTS, NEW YORK CITY. tributary suburban population exists along the 
i (Halftene from Wash Drawing.) lines entering the terminal, and there is every 
i reason to suppose that with the improved facil- 
r providing for the traffic of four tracks in varying (11 ft. wide for a height of 4 ft. 2 ins. above top ities for handling the suburban traffic rapidly and 
q manner at different stations, led to the formula- of rail). On curves the corresponding clearance comfortably, it will experience a great develop- 
y tion of completely new designs for station plat- for inside middle and outside corners is 4% ins., ment. 
forms and canopies on a harmonized basis. In - which gives the inside corners a clearance of The extent of the enlargement of the terminal 
| Fig. 4 are grouped some illustrations which may about 12 ins. on a 5° curve. The tilting effect and s‘ation is best exhibited in the subjoined 
serve as specimens of the resulting designs. Fiz. of superelevation is allowed for in addition, in _ statistical table: 
5, a view of the station at University Heights, 


exemplifies the architectural treatment. COMPARATIVE STATISTICS, GRAND CENTRAL TERMINAL YARD AND STATION. 


Structurally, the type of platform adop‘ed ‘is a 
inforce t Suburban Expr Street Level Increeee 
reinforced concrete construction, two Subject. Present. Lev 1. and Above. Total. Per nt. 
Jongitudinal S-in. walls and a G-in. deck or floor area of Terminal, acres.............. 23.24 24.22 64.54 1738 
plate, which spans between the walls and over- 
hangs 2 ft. 6 ins. on either side. The platforms 1.54 $51 433 
vary in width from 12 ft. to 15 ft. normally; in = . ae 6 86 146 
a 4 
some special cases they are wider than ft. 5 "6.53 101 
They are roofed over by “umbrella” or “‘butterfly” 10.84 
gravel wooden roof for each platform, carried on Tracks—Platform ................ 214 177 SIA... cakave’ 450 1106 
central strut and the requisite purlins. The de 15 36 
pitches inward from the edges to a central gut- 
ter, drained by conductors located in the interior 9q. ft...... 129,500 426.64 426,604 220 
of the four-angle latticed posts. The eave in office, sq. ft..... 104,577 104,697 217 
all cases has an overhang of 18 ins. beyond the Retiring and toilet rooms aq. ft..... 9.08) 
edge of the high platform (15 ins. for low plat- Restaurant and ac -essories, sq. ft... <a ees 16.454 cackinn 1454 522 
The standard “high” platform has its floor 4 33,315 60,800 62,940 RR 
ve 14,814 53,750 67,200 120,950 717 
ft. above of rail; the standard “low” plat- Ticket lobby op 13,293 14,298 1.128 
form is 18 ins. above base of rail (the level of Cab sta:.ds, sq. ft...............0...4- oo a eee 11,5235 28,105 39,640 1,243 
platform edge being taken in both cases; the * Car capari y computed on basis of 6°-ft. cars on suburban tier, and 70-ft. cars on through tfer. 
slope of floor is generally 1-1-in. per ft.). eee capacity of 525 at Mott Haven yards. Ali other figures in th.s column relate to Grand 
The arrangement of platforms, in ground plan, tror Grand Cuntral Station alone, in-rease in cars is 528, or 459%. 
varies greatly for different stations. The pure —~— 
“suburban” arrangement employs a high plat- determining the relative location of tracks and The general arrangement of the terminal is 


form, of 350 ft. minimum length. on either side, platforms. On curves all heights are measured indicated in the drawings on the inset supple- 
outside the group of four tracks. The typical from top of inner rail, which applies also to the ment sheet of this issue. The main (or ‘ex- 
“combination” station has either two outside high 4-ft. height of platforms. prese’’) level, at the top of the sheet, is the upper 
platforms and a central low island platform be- Stations will generally be provided with either of the two tiers of tracks. The suburban ter, 
tween the through tracks, or two island plat- overhead bridges or subways, or both, to connect’ below, connects with the tunnel tracks by two 
forms between suburban and through tracks on the several platforms. With electric operation it two-track inclines, one on either side of the 
either side, which are high at one end for a dis- is, of course, even more desirable than with steam through-track trunk, between 50th and 53d Sts.; 


/ } 


; 


FIG. 6. FOUR-TRACK ROCK TUNNEL IN MARBLE HILL CUT-OFF, NEAR SPUYTEN DUYVIL, N. Y. C. & H.R. R. R. te 
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these inclines have a grade of 2.16%. At the 
south or 42d St. end of the suburban level, 
the four easterly and the four westerly 
tracks are joined by a double-track loop, 
whose radius is 137% ft. on center line. 
Operation of long trains on such sharp curvature 
will be possible only because of the use of mul- 
tiple unit trains, with their high starting pull. 
Turnoute from the loop track, shown in the 
drawing, lead into a two-track junction tunnel 
which connects with the New York Rapid Tran- 
sit Subway. While it is not certain at the pres- 
ent time that this junction will be constructed at 
once, or that it will ever be built, it has been 
provided for in the designs. An _ entrance 
for passengers into the subway is arranged 
on the upper or express level, which com- 
municates directly with the interchange bridge 
in the subway at its 42d St. or “Grand 
Central” station. As most of the suburban pas- 


from Forty-second St. and 70 ft. from Vander- 
bilt Ave., which with the street gives 140 ft. of 
open space on 42d St. and 130 ft. on Van- 
derbilt Ave. The main entrance will be on 
42d St., with side entrances and exits on Lexing- 
ton Ave. and Depew Place. The central architec- 
tural féature of the main entrance will be 
three arches, each 33 ft. wide and 60 ft. high. Be- 
yond wilh be the ticket office space, 90x300 ft. 
On the street level, adjoining the ticket office on 
the right, will be the outgoing baggage-room, the 
contiguity of these two features being exception- 
ally convenient for the traveller. Adjoining is 
the gallery, overlooking the grand concourse, 
which will be on the level of the express tracks 
and will be reached from the gallery by four 
stairways, each 25 ft. wide. The concourse itself 
will be the largest in the world, being 160 ft. by 
470 ft. and 150 ft. high, with wide entrances at 
each end from Madison and Lexington Aves. re- 


tail have been given in these columns ; 
past eighteen months,* from which the Et 
summary is compiled. — 
The locomotive is of 2-8-2 type ana . cae 
tons in working order. It carries four ; i ; 
novel construction, one on each driving at 
ing a total rated power of 2,200 HP., or dae. 
000 HP. maximum. The armatures ars. ..... 
directly on the axles, and the field ma, — 
integral with the locomotive-frame. fF 
has two field poles, in the horizontal ;, th 
pole faces are vertical planes, instead vee 
concave, as usually. This permits 
vertical play of the magnets with resp, 
armature, which fact is taken advanta. = 
decrease the weight carried directly on | ‘<n 
(without springs), by mounting the magn, 
on springs. The motors have ordinary 
winding, and are arranged to be connec: 
all four in series, or two in parallel and 
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FIG. 7. GENERAL PLANS OF NEW STEEL CAR FOR MULTIPLE-UNIT ELECTRIC TRAINS, SUBURBAN TRAFFIC IN ELECTRIC ZONE, 


sengers of the terminal use the Subway in pro- 
ceeding to or from the station, some such means 
of communication is a necessary convenience. 

The new terminal covers, in addition to the 
space of the old terminal, about 20 acres of 
ground which was purchased by the company 
during the past four or five years. The buildings 
on this ground, residences, stores, apartment 
houses, churches and hospitals, to the number 
of nearly 200, have been removed, and excava- 
tion for the new terminal has been in progress 
since August, 1903. The work is necessarily slow, 
because the full amount of train movement must 
continue during the reconstruction. The new sub- 
urban yard is to be 35 ft. below the level of the 
present yard, and the main yard, which extends 
over the added territory, requires some 15 to 20 
ft. of excavation; over 2,000,000 cu. yds. of ma- 
terial, largely rock, required removal. The yard 
work is under contract to the O’Rourke Engineer- 
ing Construction Co. 

The depression of the surface yard will permit 
the cross streets, from 45th to 56th Sts., inclu- 
sive, and Park Ave., all of which are now closed 
to traffic, to be carried over the tracks by via- 
ducts. 

Upon the site of the present station will be 
constructed an entirely new depot and railroad 
office building, including a branch postoffice and 
facilities for the express companies. The area 
to be covered by the terminal buildings is as fol- 
lows: From 42d St. north along Vanderbilt Ave. 
to 45th St., a distance of 680 ft.; thence east along 
45th St., 625 ft., to Lexington Ave.; following 
that street south 460 ft. to 48d St.; thence west 
on 43d St. 275 ft.; thence south along Depew 
Place to 42d St., and west 300 ft. to the place of 
beginning. The buildings will be set back 40 ft. 


N. Y. C. & R. R. 


spectively. Adjoining the concourse will be the 
waiting rooms, telegraph offices, cafes, etc. 
Separate entrances will be provided for the 
suburban. passengers, with ample facilities for 
easily passing from one level to the other by 
means of broad stairways. The suburban sta- 
tion will be provided with its own concourse, 
commodious waiting and retiring rooms, and 
other facilities for the comfort of the public. 
The arrangements contemplated for handling 
baggage are exceptionally complete, and will care 
for the heaviest movement without delay or con- 
gestion. The express and postoffice buildings will 
be equipped with every modern device for ex- 
pediting the enormous amounts of such traffic 
daily handled at this terminal. 
MOTIVE POWER AND ROLLING STOCK. 
Corresponding to the two classes of service, two 
radically distinct forms of motive power are 
needed for operation. For hauling fast and 
heavy through trains electric locomotives of 
great weight and high speed are required; for 
suburban sérvice the rolling stock need not be 
essentially different from that developed on mul- 
tiple-unit urban rapid transit railways. The 
motor cars which have been designed for the 
latter service show, in fact, close similarity to the 
type of equipment used in the New York Sub- 
way and (more recently) on the newly-equipped 
electric lines of the Long Island R. R. The loco- 
motives, on the other hand, represent a wholly 
new design, the product of thorough study by 
the American Locomotive Co. and the General 
Electric Co., both of Schenectady. They are of 


unprecedented power, have shown satisfactory 

performance on running test, and promise satis- 

faction as regards maintenance and durability. 
Descriptions of these locomotives in some de- 


sets in series, or all four motors in parallel. The 
motor circuits are handled by an_ individual 
switch system, with master controller, the reg- 
ular Sprague-General Electric multiple-unit sys- 
tem. The switches or contactors are arranged 
along the central corridor of the cab. This sys- 
tem permits two locomotives to double-head, and 
puts both under full control from one cab. 

Current is collected by four third-rail shoes on 
either side, or by two overhead contacts fitted 
on a linked diamond frame for raising and ldw- 
ering; both third-rail shoes and overhead contacts 
are actuated by air. Automatic airbrakes, pneu- 
matic sander, whistle and bell-ringer are fitted 
Air is furnished by a twin compressor driven 
by two motors, the capacity being 75 cu. ft. free 
air per min., at a reservoir pressure of 130 lbs. 
per sq. in. 

The two-wheel truck at either end is con- 
nected to the main frame by a radius arm, and, 
as the driving wheel base is only 18 ft., the 
locomotive is very flexible laterally. 

The principal dimensions and stat'stics of this 
design of locomotive are given in following table: 
DIMENSIONS OF NEW YORK CENTRAL ELECTRIC 

LOCOMOTIVE. 
GENERAL. 


Class of traffic........ Bast passenger 
Gage, standard ...... 4 ft. ins. 
Total length over buffer platforms ..... 37 ft. 
Extreme width ....... er 10 ft. 
RUNNING GEAR. 
Driving wheels, 8, diameter ............ 44 ins. 
Truck wheels, 2 front, 2 rear, diam.... 36 ins. 
Diameter of driving axles 8), ins. 


*Eng. News, 1904, I, 522, and 1904, II, 450. The /atter 
article is much the more complete, giving full descr ‘ive 
data, and is accompanied by a section of the locom: ‘‘ve. 
many detail views, and per*srmance curve sheets. The 
conductor rail and collector shoe shown in that »* icle 
are, however, of the ordinary top-contact form. 
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WHEEL BASE. 
truck wheels 52,000 Ibs. 
cal, in working order «+++ 190,000 Ibs. 
poWER. 
direct current volts. 
4 Overhead and third-rail 
sors, four G@E—84—A, each 550 HP. 
ated 2,200 HP. 
-ximum power of locomotive . 3,000 HP. 
»mal full-load current ....... 3,050 amp. 
ximum current 4,300 amp. 
drawbar pull .......... 20,400 Ibs. 
imum starting drawbar pull . 32,000 Ibs. 
ed with 500-ton train, on level...... 60 mi. per hr. 


‘trol: Sprague General Electric multiple unit, with 
utomatic current-limiting lock in the master con- 
‘roller. Series-parallel, from four motors in series to 
our in parallel. 
‘he locomotive was designed to enable an ac- 
ecleration of 0.5 to 1.0 mi. per hr. per sec. 


Wheel base of motor trucks ............ 7 ft. 
Wheel base of trailer trucks ............ 6 ft. 
Diameter of motor truck wheels ........ 36 ins. 
Diameter of trailer truck wheels ....... 33 ins. 


The weight of car body, in both motor cars 
and trailers, is 53,000 lbs., without electrical 
equipment. The light weight of the motor car 
is 102,600 lbs., and of the trailers, 78,600; the 
weight per passenger being 1,603 Ibs. and 1,228 
Ibs., respectively. The weight of the usual sixty 
foot wooden coaches used in steam service is 
about 61,800 lbs., or 965 Ibs. per passenger. 

On account of eliminating the weight of the 
steam locomotive, however, the total weight of 
train for a given number of passengers is less 
for the electric train than for the steam train; 
the comparison for a six car train shows a total 


ing from car to car, when open, swing into such 
a position as to enclése the motorman’s air 
brake valve and the control apparatus. The ves- 
tibule at the head end of the leading car forms 
the motorman’s compartment. 

The center sills of the car flooring consist of 
two S8-in. I-beams, each continuous between plat- 
form and sills. The side sills are formed by the 
sides of the car, which are built up as plate gird- 
ers with the steel sheathing plates forming the 
web, a continuous 6xtx%-in. angle the bottom 
flange and a continuous special bulb section at 
the belt rai] the top flange. The side posts ex- 
tend in one piece from sill to plate. Three special 
cross bearers, extending from side to side of car 
under the sills and spaced between the body bol- 
sters, act as floor supports and transfer load to 
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FIG. 8. CROSS-SECTION OF ELECTRIC GENERATING STATION AT YONKERS, N. Y., FOR POWER SUPPLY TO ELECTRIC ZONE, 


to be obtained with trains up to 800 tons, and to 
give a maximum speed of 60 mi. per hr. with 
a 500-ton train. In actual test on a 4-mile track 
near Schenectady the results in both speed and 
acceleration were, it is reported, wholly satis- 
factory. 

The type of car developed for the suburban 
service is exhibited in general form by the draw- 
ing, Fig. 7. The car is of all-steel construction, 
and will seat 64 persons. It is equipped with 
two motors, is lighted and heated electrically, 
and in summer is ventilated and cooled by elec- 
tric fans. These cars are now being built by 
the American Car & Foundry Co., at Berwick, 
Pa, They will be operated in trains made up 
of motor and trailer cars, equipped throughout 
with Sprague General Electric Multiple-unit con- 
trol. The motor cars and trailers are alike ex- 
cept for the motors, motor trucks, control appa- 
ratus and air compressors. 

The frames and bodies of these cars are made 
of structural steel and pressed steel shapes, the 
vindow and door casings and frames and the 
mouldings are of pressed steel, and the fittings of 
metal or fireproof material. 

The principal dimensions are as follows: 


Length over all ........ OO ff, 
‘ngth of car body between vestibules .. 50 ft. 
Width over all ..... 
\\idth over sheathing and platform floor. 
elght from top of rail to top of roof .... 13 ft. 
‘otal wheel base 
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weight of 310.6 tons (electric) against 350 tons 
(steam), or, respectively, 1,618 Ibs. and 1,823 lbs. 
per seated passenger. - 

Each motor car has one truck equipped with 
motors, and one idle truck. The weight per 
axle, loaded, on the motor truck is 32,390 Ibs.; 
on the trailer truck of motor cars 23,300 lbs.; on 
the trailer cars the weight per axle, loaded, is 
21,890 lbs. There are two 200-HP. General Elec- 
tric No. 69-c motors on the motor truck of each 
car. They will give an acceleration of 14 mi. 
per hr. per sec., and a speed of 52 mi. per hr. 

The general interior arrangement is similar to 
that of 60-ft. coaches used in steam service. The 
seats are set transversely and there are no side 
doors in the body of the car. Both men’s and 
women’s toilet rooms are in one end, while at 
the opposite end are two seats set longitudinally, 
one in each corner. The vestibule platforms are 
5 ft. long and the full width of the car body. 
They are fitted with steps for use with low sta- 
tion platforms, but the steps are covered with 
automatic lifting trap doors for use with the high 
station platforms in the Electric Zone. The trap 
doors are so arranged that they can be operated 
by a trainman standing on the platforms. The 
steps are of metal protected with metallic safety 
treads. 


The vestibuled side doors slide into pockets in 
the side of the car. The vestibule end doors lead- 


the sides of the car, thus avoidin, deflection of 
the centre sills. By this arrangement the centre 
sills are kept in alinement and retain their fu!l 
value as compression members under buffing 
stresses. The end sills consist of steel chan- 
nels. The ends of the car body and the vestibule 
are built up of rolled and pressed steel shapes 
and steel plates, the bulkhead being designed so 
as to form a pocket for the sliding doors at the 
ends of the car. An anti-telescoping steel plate 
is secured under the center sills and platform 
end sills. The buffer beam is made up of white 
oak faced with steel plate. 

Floor supports consist of steel angles set longi- 
tudinally, supported by the cross bearers. The 
flooring is made up of galvanized Keystone sec- 
tion sheet steel laid transversely and covered 
with cement flooring. This is protected with 
maple floor strips. 

The carlines consist of steel angles in one con- 
tinuous length from side plate ‘to side plate, 
forming the contour of the lower and upper 
decks. The ventilator frames are of pressed steel, 
forming a water-tight housing for the upper deck 
sash. The lower deck eaves molding is a metal 
shape designed so as to form a drip. The upper 
deck eaves molding is a steel angle with wood 
moulding attached to take the canvas roofing. 
The roof is formed of fireproof composite boari, 
secured to furring strips fastened to carlines anil 
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purlins, the composite board being covered with 
heavy cotton duck. The furring is all fireproofed 
ash. 

The interior finish consists of composite board 
and plate steel relieved at joints and connections 
by rolled moldings. Seats are of the 
“Walkover” type, upholstered in fireproof rattan. 

The cars are fitted with both Pintsch gas and 
electric light, the former being necessary on ac- 
count of the cars being used in combined steam 
and electric service before the completion of the 
entire electric work. There are five Pintsch gas 
lamps with four jets each, and 42 16-c. p. elec- 
tric lamps, of which 30 are hung as pendants 


steel 


steam hose couplings there are two bus line and 
two control train line coupler sockets on each 
end of the car. All the cables under the car are 
carried through loricated conduits. The motor 
leads from motors to car body are covered with 
spiral brass armor. 

The trucks are of four-wheel, swing bolster 
type, built by the American Locomotive Com- 
pany. The journals on motor trucks are 5%x10 
ins., and on trailer trucks 5x9 ins. The motor 
truck wheels have cast steel spoke _ centers. 
An extended hub takes the gear, which is shrunk 
on the hub. The wheels are keyed to the axles. 
The side frames of motor trucks are of cast steel 


of 2,000 KW. each, would have sufficed. 
plans of the company have developed « 
is best typified by the fact that the o. 
capacity now being provided is 60,0.) 
two power stations of 30,000 kw. , 
pacity each. 

It may also be noted that Mr. Arnojd 
that, for the Mott Haven service alo, 
current generating station for direct 4)- 
of 600-volt current, would be cheapes 
that electric working for 35 miles ins:. 
miles is to be supplied, this conclusion 
does not hold. The familiar system 0: 
tage generation of polyphase alternatine 


ilt 


from the clear-story sills, and 12 are hung in and the end frames of steel angles. Side bear- transmission to step-down and rotary 
ENG.NEWS. 
FIG. 9. CROSS-SECTION OF ELECTRIC GENERATING STATION AT PORT MORRIS, NEW YORK CITY, FOR POWER SUPPLY TO ELECTRIC 


pairs over the aisle. Each vestibule has a Pintsch 
Each end of 
the motor cars is equipped with an incandescent 
headlight placed on the roof of the vestibule. 

Systems for heating by either steam heat or 
the “Gold” system 
of steam heat being used. The electric heaters are 
under and attached to the seats. An 
electric fan is located at eich end of the car for 
and ventilating. 
are equipped with high speed auto- 
1ir-brakes,-each motor car being a unit in 
itseif and having its own compressor and motor- 
The apparatus is so arranged 
when coupled to trains can 
operate the system in the usual manner. A Lind- 
strom hand brake is installed on eacn platform. 

Each car is equipped with a complete air signal 
apparatus, with air whistles in motorman’s com- 
partments which can be cut out when locomotive 
is attached. 

The panel located at the 
trailer end of the car on the same side as the 
control apparatus. The rear of the panel is ac- 
cessible from the men's toilet room. This panel 
contains all the switches for the control of the 
car and for the air compressor and lighting, heat- 
ing and ventilating apparatus. 

In addition to the ordinary brakes, whistle and 


ceck light and two electric lights. 


electricity are also provided, 
located 
eooling 


The 
matic 


cars 


man's brake valve. 


that locomotives 


switch chamber is 


ZONE, N. Y. C. & H. R. R. R. 


ings are “Norwood” style F, ball bearings. Bol- 
sters are of cast steel with centre plates cast 
in the same piece. 

The brake beams are inside hung; the brake 
heads are of M. C. B. type of malleable iron, and 
the brake shoes are of the stripped back type. 
Bolster springs are two double elliptics of 93¢x5 
in. plates. The journal boxes on motor trucks are 
Symington, and on trailer trucks, McCord M. C. 
B. pedestal type. The third rail shoe beam is 
attached to the journal boxes. 

The motors have nose suspension and each 
motor is provided with safety lugs cast on the 
shell, one on each side of the motor nose. 

The arrangement of the windows in pairs, with 
an elliptic arch over each pair, resembles the 
designs used in Pullman cars or in heavy coaches 
of recent design for through service, and the gen- 
eral appearance of the cars is very attractive. 
CURRENT SUPPLY; GENERATING STATIONS 

AND SUBSTATIONS. 

In the study made in 1901 by Mr. B. J. Arnold 
of train operation over the division between 
Grand Central station and Mott Haven, it was 
concluded that a daily average input of 1,800KW. 
at the contact shoes of the locomotives would 
be required, or a maximum momentary input of 
3,000 KW. at the contact shoes. On this basis a 
5,000 KW. station, or say three generating units 


substations, and direct-current supply from thes: 
to the track conductors, is employed. 

The generkting stations are located: One a! 
Yonkers, on the Hudson Division; the other «: 
Port Morris, on the Harlem Division. They «: 
cross-connected, and with their total of 60.()))) 
KW. capacity can carry a train service much 
greater than that now operated by steam. Fic! 
station has a main building 167 ft. x 237 ft., 105 
ft. high, enclosing the generating rooms, boil:: 
rooms and coal bunkers; and a separate swit:! 
house located about 40 ft. away. The stato: 
design gives a volume of station of 102 cu. ft. per 
KW. capacity, and a ground area of building »! 
1.32 sq. ft. per KW. 

Cross sections of the two stations are show: 
drawings herewith, Fig. 8 representing the Y 
kers powerhouse, and Fig. 9 the Port Mors 
powerhouse. The two stations are similar 
general design, but the foundations, due to |) 
conditions, differ materially. 

At Port Morris the concrete foundation Pp "= 
were carried down to solid rock, which was - 
ficiently near the surface. The site was enc! 
by cofferdam, utilizing a concrete river bulk!) 
as part of the wall, and was laid dry. Irregu 


ties in the rock surface, and disintegrated ; 
tions, made the maximumy height of pier 3} 
Intake and discharge tunnels for the circula’ 's 
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| 
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| 
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/f the condensers were excavated in the 
Conerete tunnels for steam and other pip- 
the turbine room were built under the 
2 . and the whole area was filled with sand 
1 the piers for columns and boiler and gen- 
foundations, to the level of the floor. The 

nels, Where below water line, are wate- 
i with coal-tar pitch and felt. 

Yonkers powerhouse is built wholly on 
snder water, on the river side of the railway 


boiler room floor, 
passing underneath. 

In interior arrangement 
are divided by a brick wall into the turbine 
room, 69 ft. «x 231 ft. 8 ins., which is of clear 
height to the roof, and a boiler room 88 ft. x 231 
ft. 8 ins., over which the coal bunkers, of 3,500 
tons capacity, are placed. At Port Morris there are 
three galleries on one side of the turbine room, 
the first gallery being used as a shop, the second 


the main boiler room alley 


the power stations 


FIG. 10. PHOTOGRAPH OF YONKERS GENERATING STATION IN COURSE OF CONSTRUCTION. 
(Sept. 29, 1905.) 


tracks; the ground on the land side rises abruptly 
and is valuable for residential purposes. The 
water over the site had a depth of 8 to 16 ft., on 
a bottom of sand and gravel well suited for a 
pile-and-conerete foundation. (At all other pos- 
sible sites near the load center of the division, 
great depth of soft bottom was found, or 
other unfavorable conditions.) Piles were driven 
to refusal, the area was then enclosed with a 
cofferdam of 12x12 timbers, fitted with tongue- 
and-groove joints of 3 x 4-in. strips spiked on. 
The ground, when laid dry, was excavated, the 
piles were cut off in general at about 8 ft. below 
M. H. W., and the bottom of the concrete was 
laid 1 ft. below the pile heads. Under the intake 
and discharge tunnels for the condensers the con- 
crete reached a depth of 16 ft., and under the 
coal and ash hoist tunnel a depth of 15 ft. below 
M. H. W. In this powerhouse the steam and 
other piping is carried under transverse galleries 
in the turbine room, instead of under the floor. 

The main part of the concrete foundation is 
4 ft. thick, bringing its top to El.—5; six inches 
above the pile heads a waterproofing of felt and 
coal-tar pitch is laid, which is carried up the 
side walls to above water level. Six-ply water- 
proofing is used in all horizontal planes, five-ply 
in vertical planes, and four-ply around ducts ex- 
posed to surface or tide water. Above the hori- 
zontal course of waterproofing there is a rein- 
forcing course of steel rods, l-in. round rods be- 
ing laid in two directions at right angles. The 
foundation includes 5,540 piles, 16,500 cu. yds. 
concrete, 27 tons reinforcing rods, and 9,000 sq. 
yds. waterproofing. 

Above the foundations, the powerhouses have 
a steel framework (designed to give no inaccess:- 
ble surfaces), walls of brick and tile, floors of con- 
crete and roofs of concrete slabs covered with 
copper. Architecturally the effort was made to 
secure a striking and attractive exterior, es- 
pecially at night, and a well-lighted interior. The 
main windows are in a row of 11 arched open- 
ings on each side, of 10-ft. span, and above each 
irch are three small windows lighting the upper 
gallery. The window frames are built-up steel, 
the mullions of glass and steel. In the gable 
ends the lines of the end roof truss are left ex- 
posed, and the spaces between the members are 
filled with concrete slabs. 

Each powerhouse has two Custodis radial-brick 
stacks, 15 ft. 6 ins. inside and 250 ft. high above 
grates. They are supported on steel columns 
and a concrete and steel staging 40 ft. above the 


as an operating gallery and the third for 
fices. At Yonkers the level of the first gallery 
is carried across the room as the operating floor 
with walkways between the generators. The 
exciters are placed under the galleries on the level 
of the operating floor, the operating gallery being 
immediately above them and the top gallery being 
used for offices and shops. 

Coal delivered at the power stations on cars is 
dumped from the cars into pockets, from which 
it is taken by suspended-flight scraper conveyors 
to crushers, where it is reduced to the proper size 
for handling with the mechanical stokers; thence 


of- 


The ashes drop from the grates into hoppers, 
from which they are collected in push cars of 
one ton capacity, running in an ash tunnel in the 
boiler room basement. These cars dump into a 
hopper, from which the ashes are lifted by means 
of a bucket conveyor into an 
directly over the coal trestle, 
can be dropped through a the 
of the hopper into a car. the trestle 
are spotted by means of an electric winch. 


ash 
from 


bin 
they 


storage 
which 
spout in bottom 
Cars on 


Coal delivered by boat is hoisted in a clam-shell 
bucket of one ton capacity, operated by a steam 
hoist. 


The coal handling capacity is 80 tons per hour 
and the ash handling per 
hour. The maximum coal consumption at the 
power stations wili be about 220 tons per day. 


capacity is 25 tons 


Aside from the hoist for unloading coal 
boats, which is operated by steam, the coai 
handling apparatus is all driven by electric mo- 
tors. The conveyors 
three phase induction 
pacity from 744 HP. 
40 HP. for 


from 


are driven by 
motors, 
for the 
the coal crusher 


220 
Varying in 
ash 
and 


Volt 
conveyor, to 
conveyors 


Each power station is arranged for a battery 
of 24 Babcock & Wilcox water-tube boilers, rated 


at 625 HP. each, all located on one floor and 
arranged 12 on each side of a central alley 
Sixteen boilers will be Installed in each powe: 
station for initial operation. The total heating 
surface of each boiler is 6,250 sq ft. and the 
grate surface is 112 sq. ft., giving a ratio of 
8. The boilers are designed for a normai 


working pressure of 185 lbs. and the steam will 
be superheated to 200° F, 
due to 


above the temperature 
Each section of the 
power station containing four boilers is equipped 
with one Epping-Carpenter boiler-feed 
the duplex outside-packed piston’ type The 
pumps are designed for hot water and each 
pump has a capacity to supply S boilers under 
full load conditions. The feed 
made by the Taunton Locomotive Mfg. Co., are 
of the closed type corrugated tube Wainwright 
counter-current design. 


steam pressure. 


pump of 


water heaters, 


The piping is all mild steel, with flange joints of 
a modified Van Stone pattern. 
and installed by M. W. 


It will be supplied 


Kellogg & Co. Four 


FIG. 11. 


CABLE TOWER NEAR HIGHBRIDGE, 


NEW YORK CITY, SHOWING CHANGE FROM 


CABLE TO AERIAL TRANSMISSION LINE ON CROSS-CONNECTING CIRCUIT BETWEEN THE 
PORT MORRIS AND YONKERS GENERATING STATIONS. 


it passes into a pocket conveyor, which lifts it 
to the top of the building and delivers it to longi- 
tudinal conveyors of the scraper type, which 
dump it into the coal bunkers over the boiler 
room. From the bunkers it is delivered through 
vertical down-spouts to Roney mechanical 
stokers, operated by steam. 


boilers are piped direct to one turbo-generator 
and by means of cross connections adjacent boil- 
ers can be arranged to supply turbo-generators of 
the next group. The sectional system of pip- 
ing has been followed throughout for the auxil; 
jary machinery. 

The turbine room of each power station will 
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be equipped with a 50-ton Alfred Box Co. travel- 
ing crane, having an auxiliary 10-ton hoist. 

Each power station is designed to accommodate 
six 5,000-K W.turbo-generatorunits,four of which 
are being installed for initial operation. The 
turbines are of the Curtis five-stage vertical 
type, and are about 15 ft. in diameter at the base 
and 35 ft. high from the floor to the top of the 
generator. The turbine structure is mounted 
upon a cast iron base, forming an exhaust cham- 
ber, in which is provided the opening to the con- 
denser and to free atmospheric exhaust. The 
shaft of the turbine is separated from that of the 
generator above, connection between the two 
being made by a coupling so that the machine 
can be readily taken apart. The shaft is borne 
by a step-bearing consisting of two cast-iron 
blocks, between which water is used for lubri- 
cation under a pressure of 800 Ibs. per sq. in., 
exerting a sufficient force to slightly raise the 
moving structure. 

One individual pump is provided for each tur- 
bine for the lubricating system, and in addition to 
this, two larger pumps, in connection with two 


for the condensing system are elliptic in shape, 
7 ft. 3% ins. by 9 ft. 11 ins. 

The generators each have a capacity of 5,000 
KW. and are wound for three-phas- current of 
25 cycles and 11,000 volts pressure. The arma- 
tures are star-connected and the neutrals are 
grounded through individual cast iron grid re- 
sistances, connected to a common ground bus, 
limiting the ground current to an amount suf- 
ficient to operate the line overload relays. The 
leads of the generators are brought down to the 
floor through brass pipes to the ducts leading 
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— 
Three field switchboard panels are locat.: tside 
on each side of the operating booth. ig 
and a 4d. c. light and power switch), = 
either end of the operating gallery com; an 
switchboard installation in the turbine , ‘ 

At both power stations switchhouses } bli 
provided separate from the main buiiq ith 
the idea of obtaining the best condi:; Ser 


the installation of high-tension switching 
atus, and at the same time increasing th 
of operation. At Port Morris the swi:.: 
is 50 ft. 10 ins. wide by 100 ft. long. At \ 
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FIG. 12. CROSS-SECTION OF TYPICAL SUBSTATION, ELECTRIC ZONE, N. Y. C. & H. R. R. R. 


The governing will be effected by successive 
opening and closing of automatic hydraulically 
operated valves which deliver steam to the differ- 
ent sections of two sets of nozzles. 

The turbines will be fitted with two centrif- 
ugal devices to check any excess of speed. After 
either one of these devices operates, the next 
revolution of the machine will bring it into en- 
gagement with a lever which will trip the main 
steam valve. 

The condensing apparatus is external-to the 
turbines. The main condensers, by H. R. Worth- 
ington, are of the counter-current surface type; 
each is directly connected to its turbine base and 
contains about 17,000 sq. ft. of cooling surface. 
They are guaranteed under full load to maintain 
a vacuum of 28 ins. at 30. ins. barometer, with 
cooling water at a temperature of 70° F. The ap- 
paratus auxiliary to the condensers is composed 
of independent units. Circulating water pumps 
are of the centrifugal type directly driven by 
horizontal reciprocating engines. The dry 
vacuum pumps are of the rotative flywheel type, 
with air and steam cylinders in tandem, erected 
on a common base. The hot well pumps are of 
the two-stage turbine type and are driven by 
direct connected electric motors. 

The intake and discharge circulating tunnels 


Approximate Scale: 1 in. = 9 ft. 


to the high tension switches, the arrangement 
being such that no high-tension conductores are 
exposed in the turbine room. 

The exciter system at each power station will 
consist of two 150-KW. turbo-generators and one 
150-KW. induction motor generator furnishing 
current at 125 volts pressure; also one Electric 
Storage Battery Co.’s exciter storage battery of 
74 cells, having a capacity of 1,200 amp. for one 
hour, with spare space in the tanks for increas- 
ing the capacity to 1,800 amp. for one hour. Ex- 
citer generators and battery are connected to 
two independent positive busses and one common 
negative bus. 

The stations will be operated from the oper- 
ating gallery on one side of the turbine room. 
The arrangement of the switchboards in this gal- 
lery is symmetrical and all cables and _ cop- 
per connections running to the switchboards 
are carried in concrete trenches under the floor. 
The main operating switchboard containing all 
control switches and instruments necessary 
for the operation of the station is located in 
the centre of the operating gallery; a set of two 
exciter switchboards is located on each side. 
The main operating switchboard as well as the 
exciter switchboards are enclosed in an operat- 
ing booth constructed of steel and wire glass. 


the switchhouse and the sub-station for that 
district are combined in one building 37 ft. 4 ins. 
wide by 255 ft. 4 ins. long, the switchhouse 
occupying 147 ft. 8 ins. of this length. In the 
switchhouses are installed the high-tension 
switching equipment, consisting of bus-bars, oil 
switches, instrument transformers, etc.; also such 
instruments as are required for the complete 
equipment of generating stations, but which are 
not essential for the operator. The switchhouse 
contains further, auxiliary boards which allow 
the main operating switchboard in the turbine 
room to be put out of service for cleaning and 
repairs. These boards will also permit the oper- 
ation of the station should, by an accident, the 
main operating board become disabled. 

The high tension busses are installed in the 
basement of the switchhouses; the generat.'s 
are connected to them by means of a main swit«! 
and two selector switches. The feeders .'¢ 
equipped with selector switches only. Overlo.d 
relays are installed in the generator and feei:r 
circuits, but the generator relays will oper.‘e 
only under very extreme conditions. In ‘he 
generator circuits, in addition to overload *- 
lays, reverse current relays will be install; 
these, however, are connected to indica‘'ng 
lamps only, not tripping the oil switches. Al! :°- 
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lays are of the inverse-time-limit, bellows type. 
Al high tension connections and apparatus are 
jocated In the basement of the switchhouse and 
no such apparatus is located on the first floor, 
except the ofl switches to which connections are 
from the basement through the floor. On 

t»» second floor are located the load dispatcher’s 
office, the exciter battery with booster and 
switchboard, laboratory, storeroom, toilet rooms 
and the apparatus for the hot air heating and 
ventilating systems. 

The arrangement of oil switches and connec- 
tions is such that the apparatus belonging to 
ene generator and three feeders forms a unit 
which is entirely separated from the others by 
fireproof walls in the basement. All connections 
between oil switches and bus bars are made 
with bare copper tubing 1% ins., outside diameter, 
the construction being such that practically no 
insulators will be required. All cables coming 
through the duct system from the powerhouse 
enter manholes in the basement of the switch- 
house, the arrangement being such that high 
tension cables enter the high tension compart- 
ments entirely separated. Low tension cables 
enter through manholes in a passage separated 
from the high tension compartments by a fire- 
proof wall and are brought up in enclosed chases 
in the wall, so that they are positively insured 
against any accidental connection with high ten- 
sion conductors. 

The oil switches have a rated capacity of 500 
amp., except the* bus tie switches, which have a 
rating of 1,200 amp. The switches are of the 
motor-operated type. 

All high-tension cables and the majority of the 
single conduetor low tension cables, within the 
powerhouses, are cambric insulated and lead cov- 
ered, the insulation being 10-32 in. for high ten- 
sion cables and 4.32 in. for low tension cables, 
with a lead cover 3.32 in. Single conductor 
cables will be used for connecting the generators 
with the oi] switches. Multiple-conductor cables 
for instrument and control wiring have a com- 
bined cambric and rubber insulation. 

In each power station a Load Dispatcher’s 
Office has been arranged for the proper distribu- 
tion of power over the system, and in order to 
give quick relief in case of accident or trouble. 
Only one of these will be in service at a time. 
Each Load Dispatcher’s Office will be equipped 
with a record board indicating, by means of 
lights and plugs, which generators, lines, ro- 
taries, ete, are in or out of service and which 
switches are open or closed. An _ independent 
telephone system exclusively for the use of the 
load dispatcher, interconnecting both power sta- 
tions, all sub-stations, and the train dispatchers 
in the Electric Zone, will be installed. 

The contractors for the foundation work were: 
At Yonkers, Walter Butler; at Port Morris, 
D. C. Weeks & Son. The steel work, 2,800 tons 
in each powerhouse, was furnished by the Ameri- 
can Bridge Co. The Thompson-Starrett Co. 
erected the Port Morris superstructure and Butler 
Bros. Construction Co. the Yonkers superstruc- 
ture. The steam turbines and generators, and 
the entire switching equipment, were built and 
will be installed by the General Electric Co. 

The high-tension transmission system connect- 
ing generating stations and substations consists 
mainly of overhead lines supported on steel 
towers. Within the closely settled parts of New 
York City, however, underground transmission 
is used. The changes from underground to over- 
head occur generally at substations; in other 
cases special buildings, cable towers, are used. 
Fig. 11 shows one of these towers. 

The high-tension transmission system is quite 
complex. In general, each substation has at least 
one independent three-phase line from a power 
Station, and in addition has lines connecting it 
with adjacent substations. The two power sta- 
tions are connected by a separate three-phase 
line. All lines consist of three 4/0 stranded cop- 
per conductors. In the underground lines each 
circuit is contained in a three-conductor cable, 
Sheathed with lead; in the overhead lines the 
conductors are bare, and occupy the points of an 
equilateral triangle 36 ins. on a side. The over- 
head lines are carried on structural steel poles, 
Spaced 150 ft. on tangents and closer on curves, 


with Yellow Pine cross arms. The underground 
lines are laid in vitrified duct, waterproofed and 
surrounded with concrete. The manholes in the 
cable ducts have removable shelves, of slate or 
soapstone, resting on iron pins, on which shelves 
the cables are carried across the manhole space. 

Substations for the conversion of high-tension 
alternating current into low-tension direct cur- 
rent are located along the railway divisions 
served, at points marked in the map Fig. 1. There 
are eight of these substations, one of which is 
located at Grand Central Station, and one at the 
Yonkers powerhouse. They are quite similar in 
size, covering a ground area of 3,600 to 3,800 sq. 
ft., except the Grand Central substation whose 
ground area is 4,800 sq. ft. The general arrange- 
ment may be gathered from the drawing 
Fig. 12, representing a transverse section through 
a substation. The station comprises a trans- 
former and converter room, and a _ two-floor 
battery room separated from the former by 
a fire-wall. The installation of batteries is a 
characteristic feature of the New York Cen- 
tral’s distribution system. It was adopted in 
part as a means of smoothing out momentary 
excessively heavy drafts of current, and in part 
as an insurance against interruptions of traffic 
which may result from accidental shut-down 
of one or both generating stations, short-circuits 
of cables, etc.; a contingency which, however 
remote under proper operation, must be faced as 
a possibility. 

The converters are arranged along the middle 
of the main room of the substation. Along the 
wall adjoining the battery room is the low-ten- 
sion switchboard, while along the opposite or 
outside wall are the high-tension switches. The 
transformers on the main floor are connected 
to the high-tension switches on the one side 
and the converters on the 


lb. third-rail, has taps leading to the four third. 
rails every 3,000 feet. Each group of four taps, 
and each tap of the four, contains a circuit- 
breaker which can be tripped electrically from 
the nearest substation. The taps and circuit- 
breakers are contained in a small section-house. 
No return copper is provided. 

The work which is briefly summarized in the 
foregoing article has been in continuous execu- 
tion for the past two years. It will not be finally 
completed, it is thought, before five years from 
now; its total cost will be in the neighborhood 
of $60,000,000. The first electric trains, however, 
will be put into service probably before the close 
of another year from the present. 


AMERICAN STEEL HIGHWAY BRIDGES IN THE 
PHILIPPINE ISLANDS. 


By H. L. Stevens.* 


During the year 1905 there have been purchased 
for erection in the Province of Sorsogon nine steel 
highway bridges. These bridges were the first 
steel highway bridges to be erected in the prov- 
inces since the American occupation and were 
therefor in some measure an experiment. The 
Philippines have so many small rivers to bridge 
that there is sure to be a great many steel bridges 
erected in the next few years and an account of 
the methods used together with suggestions for 
the better detailing and handling of future ship- 
ments may be of interest to American engineers. 

On arrival in Manila the bridges must be tran- 
shipped to one of the smaller inter-island boats. 
At the port of destination the steel must be un- 
loaded on native cascos, conveyed to the shore 
and thence hauled to the bridge site by carabao 
or ox carts. An erection gang consists of an 


other by cables under the 
floor. Thus the circuits 
within the substation run 
across the machine room, 
from the side where the 
high-tension lines enter 
to the side where 660-volt 
direct-current track feed- 
ers leave. All apparatus 
is located on the main 
floor, except the lightning 
arresters, which are on a 
gallery on the high-ten- 
sion side. The switch- 
board, which controls 
both high and low ten- 
sion, stands on the low- 
tension side. Each unit 
of machinery, consisting 
of one converter and its 
transformers, etc., is ar- 
ranged in the manner 
described. Longitudinally 
each station has three 
such units, of capacity 
each 1,000 KW. or 1,500 
KW.; the larger size of 5 - 
unit is used in the Grand Central and Mott 
Haven substations. 

The rotary converters are of three-phase type, 
with sextuple connéction, which gives them the 
advantages of three-phase and six-phase con- 
struction. The high-tension wiring within the 
substation, where bare, is of copper tubing 
giving excellent and simple mechanical con- 
struction. 

At each substation the third-rail is separated, 
and an insulated section of about one train 
length is intercalated, in order to prevent a 
train bridging across from one main section to 
the following. From the substation there are led 
eight track feeders, one to each of the four third- 
rails of the two adjacent main sections; an ad- 
ditional feeder supplies by four branches the 
third-rails of the intercalated section. Run- 
ning continuously along the right-of-way, enter- 
ing and leaving each substation through circuit- 
breakers leading to the low-tension busses, is an 
auxiliary feeder, consisting of one or more cop- 
per cables either overhead or underground. This 
auxiliary feeder, of conductivity equal to the 70- 


A STEEL HIGHWAY BRIDGE OF AMERICAN MANUFACTURE AT 


BARCELONA, P. I. 


American foreman and ten or twelve natives, and 
their equipment is a hand forge, a home-made 
“dolly” and a couple of hammers. This force will 
drive from 50 to 200 field rivets per day depend- 
ing upon the openness of the work. 

On account of the long sea voyage, frequent 
handling and exposure to the tropical climate the 
paint used in painting the steel in the shop 
scaled off and some pieces corroded badly. Sev- 
eral of the members were also badly bent. Many 
of the smaller details that might have been shop- 
riveted to the larger members, were shipped loose 
and were lost. Some of these were afterwards re- 
covered, others had to be cut to order in Manila. 
Approximately 25% of the field rivets could have 
been shop-driven. 

The people of the Islands are very critical of 
American goods and those articles sold here, es- 
pecially those purchased by the American officials 
on behalf of the Philippine Government, should 
be the best that can be furnished. . 

American steel bridges for this country should 


*Late Provincial gy Province of Sorsogon, P. 
I. Present address, Tomah, Wis. 
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be shop-painted with the best paint, they should 
y be carefully detailed and loose pieces and field 
riveting should be reduced to a minimum. The 
templet work should be so good that the unskilled 
native laborer will have no trouble bolting up the 
members ready for riveting. The people in the 
province take great pride in the steel bridges 
erected the past year and others will be purchased 
in the near future. 


3 SOFTENING WATER FOR LOCOMOTIVE BOILERS.* 
By T. W. Snow. 


p Until within the past five years the water service of 
# railways has been considered a matter of quantity rather 
4 than quality, and the majority of railways in the Unitei 

States are still using the old improvident methods of fur- 
. nishing water for the locomotives. One of the large 
railways entering Chicago uses annually about 9,300,00- 
000 gallons of raw water at an average cost of 3 cts. per 
1,000 gallons, while on another road the cost is 23 cts. 
per 1,000 gallons. The latter has now put the matter tn 
the hands of a water expert, and he is rapidly rebuilding 
and reorganizing the water stations, so that in another 
year this road will be able to make as good a showing 
as the first one. 

2 Of the many foreign substances contained in water, there 
are but four that give us much of any trouble in form- 
ing scale; these four, however, make up 98% of the scale 
adhering to the interior of the boiler, and may be desig- 
nated as the carbonates and sulphates of lime and mag- 
nesia. These are commonly present in our western 
waters and sometimes to an alarming degree. It has 
t only been within the past few years that American manu- 
‘ facturers and railway companies have given any serious 
consideration to the subject of water purification. While 
the technical world has known for 50 years or more of 
the Porter-Clark process of removing scale-forming mat- 
ter from water, we are practically only just waking up 
to the situation in this country. The Porter-Clark pro- 
cess is extremely simple, and consists of adding ordinary 
lime and soda ash in proper proportions to the raw 
water. The mechanical methods of doing this are 
i many and varied. The chemical method remains the 
me same in this and all countries. All important mechanical 
f devices in use in the old country had been imported into 
S this, and are variously represented by concerns engaged 
1 in the water softening business. Since there is no prac- 
tical difference in the chemical treatment it only remains 

to consider the mechanical application. 

Mr. Snow then described the operation of the 
wit Davidson water-softening apparatus, which was 
Re fully described and illustrated in our issue of April 

2, 1903. Both intermittent and continuous types 

of water-softening plants were referred to. One 

of the latter, now being built at the shops of the 

Chicago & Eastern Illinois Ry., at Danville, LL, 

will have the chemical feeding and mixing ap- 

i paratus located on top of a stand-pipe adjacent 

to the elevated water tank. All chemicals, how- 

W ever,are prepared on the ground floor and pumped 

to the chemical feed tank on top, requiring but 

a few minutes each day of the attendant’s time. 

The automatic chemical feeding and mixing de- 

vice consists of a tilting hopper with two com- 

: partments which are filled and emptied alter- 

; nately, the only power required to operate it be- 

S ing the weight of the water from the main water 

supply. All water must pass through the oscil- 

lating vessel, which is thus a motor and also a 

meter. The power derived from the moving tilter 

* is sufficient to operate the chemical pumps and to 

a, work the stirring arms within the chemical tank. 

An installation was put in this year on the Missouri 

H Pacific Ry. The division from St. Louis to Hoxie has 

, some very bad waters, and it was decided to put in three 

of these water purifying plants to see what the effect 

would be on the locemotives. The reported number 

of engine failures on that division in February was 21 

daily. In going over the division before the work was 

finished I noticed an auxiliary engine at nearly every 

station, for fear of a failure. After six months of use 

3 at this place, and taking the average month with the 

same months of last year and for a period of six years, 

the Master Mechanic said the direct saving was about 

$2,000 per month. That is for boiler makers and 

boiler tubes, and does not take into account the indirect 

savings, which are probably much larger. Not only did 

they have these 20 or more auxiliary engines doing other 

useful work, but the improved regularity in the moving 
of trains proved a very large item. 

One railway running from Chicago to the Missouri 
River has about 20 of these stations. The cost of chem- 
icals for treating each 1,000 gallons varies from 0.6 cts. 
to 2% or 8 cts., according to the hardness of the water. 
In none of these instances have we added any additional 
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*Abstract of a paper read at the meeting of the Western 
Society of Engineers, Chicago, Nov. 1. 
tManager, Otto Gas Engine Works, Chicago. 


labor to the water station on account of putting in this 
chemical apparatus. The machine is very simple; it 
picks up its own chemicals and weighs them out, and it 
does this automatically without any labor or attention. 
The operator needs only to mix his chemicals on the 
ground floor, which is done quickly, and then pump 
them up into the chemical tank above. Uf course, tue 
work must be done accurately. The operator weighs out 
his chemicals according to the formula he receives. The 
chemist of the road instructs him exactly what to do, 
and it is his business to see that his chemicals remain 
the same. 
DISCUSSION. 

MR. G. M. DAVIDSON.*—It may be asked what does 
the railway company get for the expenditure it makes in 
putting up these plants? It has been my privilege for 
the last three years to have had charge of about 25 
plants, and we have kept very accurate account of the 
cost of operating them, and tried to get some figures 
showing the value that the railway company receivei. 
One of the big items of saving is the decrease in the cost 
of repairing boilers. We have 17 plants on one divisioa 
(250 miles), supplying an average of 160 locomotives, all 
large, and the service is pretty hard. There were two 
repair stations and two boiler shops. The year before 
we started these plants we employed 36 boiler makers 
and 42 helpers. The year after we started the plants 
we had 23 boiler makers and 35 helpers, decreasing the 
cost of labor of maintaining the boilers about 35%. 

Another item of interest to the operating officers is 
the question of leaky flues. Anybody who has ever had 
anything to do with getting trains over a railway in 
winter time knows how troublesome leaky flues are. The 
year before these plants were in use we had 544 cases of 


PARABOLIC CONCRETE ARCH BRIDGE OVER NEY 
CREEK AT ST., WASHINGTON, p. 


A concrete arch bridge of unusual] type } 
cently been put under construction at Was! 
D.C. The arch ring has the curve of a p 
und a clear span of 125 ft., and the span; 
hollow, a framework of reinforced conc; 
tween curtain walls carries the floor s)q,) 
spandrels and the floor slab are of reinfors. 
crete, but the arch ring is not reinforce} 
for a net of face bars to resist surface era 
As will appear the unusual feature is th, 
of the arch ring; parabolic masonry arc) 
rare, and it is claimed, and we suspect 
by the engineers that this is the first Pal 
concrete arch in America. 


The general appearance of the bridge is 
cated by the drawing reproduced in Fig. | 
length of the bridge is 272 ft. over all, th. 
of the arch is 125 ft., and its rise is 39 fr. 
amination of the drawing shows two p,. 
arches side by side. The reason of this is 
plained as follows: The sum appropriated by < 
gress for the construction of the bridge was »° 
900. This permicied the construction of a }: 
only 25 ft. wide, not nearly the width of the s; 
of which it was to form a part. It was deci) 
therefore, to design the bridge in such a way 
the crossing could be widened in the future 
have the present structure complete in itself, A 


FIG. 1. 


VIEW OF CONCRETE ARCH BRIDGE ACROSS PINEY BRANCH AT SIXTEENTH ST., 


WASHINGTON, D. C. 


engine failures due to leaky flues; the year after only 
99. We had 33 fire box failures the year before, and 
20 the year after; 6 arch-tube failures the year before, 
1 the year after; making a total of 583 engine failures 
before the plants were put in, and 120 after. Our mech- 
anical department is frank enough to give the water 
softening plants credit for the decrease in failures of 
about 79%. 

Another interesting item in this connection is one 
that specially appeals to the manager, and is the in- 
creased tonnage rating of the engines. If we can put 
three or four more cars on to an engine than we did 
formerly, that is the thing to do, and that is what the 
managers want. Our statistics show that on this divi- 
sion the year before the water softening plants were in 
use we had 2,934,130,000 ton-miles, and the year after 
3,154,000,000. In other words, we increased the ton mileage 
74%%, and at the same time bought less coal. The year 
before we used 28.7 Ibs. of coal per 100 ton-miles, ani 
the year after 27% lbs. We increased the ton mileage 
74% and decreased the cost of coal per 10) ton-miles 
about 4.2%. We find we are able to do the same business 
with a smaller number of locomotives than we were be- 
fore we went into the water softening business. There 
are a good many reasons for this; one is that the trains 
are not delayed so much on the road, so there is not so 
much delay in getting to the terminals. 

Another point is, we have been able to increase the 
mileage of engines between the times of being sent to 
the shops. Formerly a locomotive would go to the shop 
because the boiler needed repairing long before the ma- 
chinery was worn out. Since putting in the water 
so,‘tening plants it is the machinery that generally needs 
repairing first. 


*Chemist and Engineer of Tests, Chicago & North- 
western Ry., Chicago. © 


leaf was taken from European practice; follow- 
ing the example set by the engineers of the Lux- 
emburg Bridge (Eng. News, Feb. 27, 1902), it was 
planned to build two arches 25 ft. wide parallel 
to each other with a space between them, but to 
construct only one of these structures at firs! 
The present bridge is, therefore, eccentric with 
the axis of the street; in fact, the center line of 
the street falls wholly outside the bridge. When 
in the ripeness of time the money is available for 
completing the work, the twin structure will be 
built on the opposite side of the street, and th: 
space between the old and the new arches will be 
bridged by a slab of reinforced concrete. 

The structural character of the bridge is shown 
in general detail by Fig 2. In these drawings 
the arch ring is the first feature to call for atten 
tion. For this the parabolic form was adopte! 
because the neutral axis and the line of pressur: 
for uniform load practically coincide, while fo 
eccentric load their deviation is very small. F»: 
dead load the total concrete structure figured a‘ 
150 Ibs. per cu. ft., was assumed; for live load © 
weight of 40 tons on axles 20 ft. apart was a> 
sumed. The total dead load as figured is 200 |)- 
per sq. ft. over the full arch ring. The thickne- 
of the ring was proportioned for these loads so 
to keep the maximum compression stress on t! 
concrete at 300 Ibs. maximum. 

The spandrel construction consists of two so!’ 
spandrel walls, and between them two rows 0: 
columns, all supporting a ribbed floor slab. T! 
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longer spandral columns are stiffened laterally b») 
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FIG. 2. GENERAL STRUCTURAL DETAILS OF PINEY BRANCH CONCRETE ARCH BRIDGE. 


horizontal braces between columns in both di- 
rections, the transverse braces running into the 
spandrei walls. Columns, walls and bracing are 
all reinforced. 

The arch spandrel construction is continued over 
the abutments with certain modifications. First, 
only one row of spandrel columns is used instead 
of two ,and the lower portions of these columns 
are connected by walls to form closed cells, which 
are filled with earth. The lines XY define the 
tops of the diaphragm walls. These interior walls 
are not reinforced, but the spandrel walls below 
lines XY have an inside reinforcement in addi- 
tion to the regular outside reinforcement. This 
inside reinfurcement in shown by Fig. 2, and also 
by the ha!f cross-section, Fig. 3, of the abut- 
ment on the vertical plane DD. Above the walls 
the abutment columns are connected by horizon- 
tal braces, as are the columns over the arch ring. 

Details of the column and brace reinforcement 
and of the reinforcement of the spandrel walls 
are shown by Fig. 4. Regarding the wall rein- 
forcement, it may be noted that the rods are 
spaced 2 ft. apart both horizontally and vertically. 
They are lapped 18 ins. at joints, and the con- 
secutive joints are staggered 4 ft. The bonding 
of the brace reinforcement into the columns and 
spandrel walls and of the column reinforcement 
into the foutings is to be noted. 

To provide for expansion and contraction, the 
arch span is separated from the abutments by 
expansion joints cutting the spandrel walls and 
the floor slabs. The locations of these joints are 
shown clearly by the drawings of Fig. 2, and Fig. 
5 shows their construction in detail. It is to be 
noted further that the spandrel walls are sub- 
divided by construction joints shaped like the 
expansion joints, but being simply planes of 
weakness formed by constructing fresh concrete 
against concrete already set instead of true joints 
Separated by a compressible filling. It will be 
noted that interior columns over which comes the 
expansion joint in the slab is made much stronger 
than the other columns to resist the bending 
Stress due to the operation of the joint. 


The reinforcement of the floor slab is indicated 
by Fig. 4. The slab is stiffened by transverse 
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ribs over the columns. 
reinforced as follows: 


Girder, Size. No. Rods. Size Rods. 
ins. ins. 
24x16 6 1% 
24 x 24 6 1% 
30 x 16 7 1% 
9 1% 
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Fig. 3. Half Trans- 
verse Section 
Through Abut- 
ment on Line DD, 
Fig. 2. 
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Face of Outside Walls 
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Cross-Section at Crown, Enlarged. 


These ribs or girders are 


Spacing c. to c. 
ins. 


‘ 

alternate rods are bent up at the ends of span 
and carried over the columns. The slab rein- 
forcement proper consists of transverse %-in. rods 
spaced 6 ins. c to c, and longitudinal %-in. rods 
spaced 12 ins. c to c. 

The bridge as described was planned in the 
office of Mr. W. J. Douglass, Engineer of Bridges, 
District of Columbia, under the direction of Col. 
John Biddle, Engineer Commissioner, and Capt. 
Jay J. Morrow, Assistant to the Engineer Com- 
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Fig. 4. Details of Floor and Spandrel 
Columns and Bracing. 
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missioner. The official specifications contain sev- 
eral features of interest. It is provided that stone 
dust must be used in the exterior work instead 
of sand, and the contractor is privileged to use 
stone dust throughout if he wishes. If sand is 
used where permitted, it is specified that it may 
contain as much as 10% silt; tests made by Mr. 
Douglass have indicated that this silt contains a 
large percentage of silicious matter, and is not 
detrimental to the mortar. The following sec- 
tions of the specifications are quoted nearly in 
full: 


FORMS.—All forms for all classes of concrete chall 
be closely laid and strongly braced. Ali lagging shall be 
tongued and grooved and the studding for all the work 
shall be dressed or sawed to an even thickness. All 
forms except by consent of the engineer shall be held 
in place by means of bolts, so made that the outer 3 
ins. of the bolts can be removed after the forms are taken 
down, and the remaining holes shall be filled with mor- 
tar. If %-in. lagging is used the studs shall not exceed 
18 ins. on centers, and if 2x8-in. studs are used the 
wales shall not be less than 8 x 8 ins. These wales on 
the basis of 2 x 8-in. studs shall not be further apart 
than 8 ft., nor shall the bolts which hold them and which 
have diameters of %-in. be further apart than 8 ft. 

DETAILS OF CONSTRUCTION.—(a) The concrete for 
the arch shall be placed in layers which shall bo per- 
pendicular to the lagging of the center or parallel there- 
to in so far as may be directed by the engineer. These 
blocks shall have the full depth of the arch and extend 
the entire width of the certer. The. blocks will be 
formed by placing forms upon the center parallel to the 
axis of the arch and perpendicular to the lagging. The back 
block shall be built up as continuous work. The back 
of each arch shall be kept true to the curve by strongly 
braced tongue and groove lagging up to a point about 
45° from the springing line, or if the contractor prefers 
he may build the back of this arch to straight lines 
which shall be tangent to the extradorsal curve of the 
arch shown on the drawings. After this point is reached 
the tack shall be carried truly to the curve by grading 
the concrete to templets cut to fit the curve. The ex- 
posed backs of the main arches shall be given a mortar 
coating, either built up with the concrete in the usual 
manner, or applied as a plaster at least one \% in. thick, 
before the concrete has set, and this coating shall be 
troweled to a reasonably smooth surface. (b) The con- 
crete of all showing walls shall be carried up so as to 
bring the work at the close of each day to a horizontal 
joint so that the new work which will join on to it will 
show a horizontal regular joint if any. It is the inten- 
tion not to show any joint in the face work as nearly 
as this can be effected. A day's concrete work shall 
not exceed 7 ft. in depth on the basis of the forms 
hereinbefore described. All edges of all finished concrete 
work shall be cast as full as practicable. Where satis- 
factory edges are not attained, the contractor shall file 
them so as to remove the ragged edges. 

REINFORCEMENT.—The contractor shall furnish and 
emplace all the steel reinforcement shown on the draw- 
ings. It shall be of medium steel according to the manu- 
facturer’s standard for highway bridges, or if the con- 
tractor so desires, he may substitute for the reinforce- 
ment here shown a standard patented steel reinforce- 
ment, which, however, must be approved by the en- 
gineer. If he substitutes bars having a mechanical 
bond with the concrete he will be permitted to use a 
minimum cross section 75% of that shown on the draw- 
ings for the several classes of reinforcement there shown. 
If he use any patented bar, the cost bid shall cover the 
cost of all royalties and engineering advice. In such 
cases he must submit with his bid drawings clearly 
showing in detail the size of the several bars proposed 
to be used by him for reinforcement, the amount, posi- 
tion, lap sod all other daca which will be necessary to 
make his intentions clear. All steel shall be clean, 
free of oi! or paint and reasonably free from rust. 


GENERAL DESCRIPTION OF CENTERS.—The cen- 
ters shall be built for the full width of the bridge (25 
ft. between faces of arch rings). The contractor will 
not be allowed to use centers having trussed spaces 
greater than 20 ft.. bué must carry posts down from the 
bow to similar foundations. Bows in no case shall ex- 
ceed 6 ft. 6 ins. on centers. They shall be stiffly sway- 
braced, both transversely and longitudinally. The foun- 
dations for the centers shall be of concrete of the same 
kind and according to the specifications hereinbefore 
specified for the permanent work. They shall be of 
such size as shall not permit of a settlement greater 
ihan \% in. under the maximum loads they are designed 
to carry. The tendency of the centers to rise at the 
crown as they are loaded «ft the haunches must be pro- 
vided for in the design, or, if not, the centers must be 
temporarily loaded at the crown and the load so regu- 
lated as to prevent distortion of the arch as the work 
progresses. 

MATERIALS.—Merchantable lorg leaf pine timber 
shall be used throughout excepting that sills, corbels, 
wedges, and all other lumber subjected to side pressure 
shall be of white oak of the following specifications: 


White oak must be free from decay, splits, shakes, 
sawed true and out of wind and square edged, full- 
sized, free from large or loose knots or any other de- 
fects which would seriously impair its strength or dura- 
bility. The wedges shall be of straight-grain oak only. 
All material shall be subject to the approval of the en- 
gineer. Stresses in all material for the centers will be 
computed on the basis of & of the breaking strain on 
the material used, in accordance with the tables of Kid- 
well and Moore, for wooden beams and columns, 189. 
In design of the center care shall be taken so that the 
center shall be stiff. The joists, caps and bows shall 
not have a deflection exceeding 4%-in. under the full load 
of the arch, or the partial load of the arch, the concrete 
being figured as a liquid having a weight of 150 Ibs. 
per cu. ft. 

JOINTS.—No dependence will be placed in nails, excent 
for fastening the lagging, for securing the wedges and 
for minor details, and then only upon the approval of 
the engineer. All joints shall be made with bolts and 
with straps or gussets of steel or iron, if in the judg- 
ment of the engineer they are necessary in the design 
submitted. 

LAGGING.—The lagging must be made in two thick- 
nesses if the contractor so desires. The top layer to be 
tongued and grooved lumber not less than % in. thick 
and the lower layer dressed to a matched top surface 
-when in place. Lagging shall not have a deflection 
under the full load of the arch, or under the partial 
load, exceeding 4% in. The concrete being figured for 
partial load as a liquid having a weight of 150 Ibs. per 
cu. ft. The lagging shall be kept wet for three weeks 
after the keying of the arches. 

STRIKING CENTERS.—The crowns of the centers 
shall be raised above the intended height of the finished 
arches to allow for settling when the centers are being 
loaded and when struck. The centers shall be struck 
when directed by the engineer, which -direction will not 
be given until the masonry above them has been com- 
pleted up to the level of the bottom of the coping. 
Wedges shall have a batter of 1 in 10 ins. and the pres- 
sure on the same shall not exceed 300 Ibs. per sq. in. 
The grain of the same shall run with the batter and 
their contact faces shall be planed true and smooth for 
their entire width and length, and, if so ordered by the 
engineer, they shall be lubricated to facilitate the strik- 
ing of the centers without unnecessary jar. If the 
contractor wishes to use sand boxes to lower the cen- 
ters he shall submit the details of the same for ap- 
proval to the engineer. The sand boxes shall be water- 
proof, and the sand used in the same shall be thor- 
oughly washed to remove all silt and thoroughly dried 
before using. The centering shall not be paid for 
directly, but the payment of the same shall be included 
in the price for the arch concrete. 

In planning the exterior finish of the bridge, it 
was considered wise to make no attempt to hide 
the material of which it is constructed. There 
will be no simulation of cut stone work, but in 
order to prevent the monotony of the single color, 
the arch ring, the spring blocks, the pilasters, the 
belt course under the coping, the coping itself 
and the parapet will have a mortar facing which 
will have the yellow tone given to it by the 
river sand. The balance of the exterior face of 
the bridge will show a bluish concrete. The mor- 
tar will be picked over with stone picks to bring 
vut the blue color, and for the same reason gneiss 
stone dust is used in its composition in lieu of 
sand. 

The contractors for the bridge are the Penn. 
Bridge Co., of Beaver Falls, Pa., the contract 
price being $42,731. Congress has appropriated 
$50,000 for the work, and $20,000 of this are im- 
mediately available. We are indebted to Mr. W. 
J. Douglass, Engineer of Bridges, Washington, D. 
C., for the information from which this account 
of the work has been prepared. 


WHAT HAS BEEN ACCOMPLISHED AT PANAMA,* 
By Theodore P. Shonts.f 


I propose to talk as a practical man to practical men 
who are themselves engaged in large commercial enter- 
prises, and who know from experience the difficult.es to 
be met and the enormous amount of thought and labor 
involved in the inauguration of great undertakings in the 
United States. You will be able to appreciate, therefore, 
how every difficulty was aggravated in an enterprise 
of the magnitude of the Isthmian Canal, in which the 
preparatory work had to be carried on two thousand 
miles from the base of supplies. But this is not all: 
The work had to be done in a hostile climate and under 
health conditions which, through centuries of negiect 
of all sanitary principles, had become a menace to the 
lives of all persons save natives of the tropics. 

In order, therefore, to make the Isthmus a place fit 


*Extracts from an address before the American Hard- 
ware Manufacturers’ Association, at Washington, Nov. 9. 
7Chairman, Isthmian Canal Comnuission. 


to live in and to work in, there were three fun. ..., 
tasks which had to be performed in advan...” 
others. 


First. Thorough sanitation of the Isthmus. 

Second. Providing suitable habitations for 
employees. 

Third. Providing a system of food supply whi... 
afford to all employees opportunity of obtaining 
some food at reasonable cost. 

ist. In regard to sanitation: When the Unit. 
began this work there were no systems of water 
of sewerage, or of drainage on the Isthmus. 
depended largely on unprotected cisterns for their r 
supply, fied during the rainy season, and on ale 
filled from neighboring streams, all breeding 
mosquitoes. The filth of ages had accumulated i 
the dwellings and in the streets, undisturbed excep! 
washed away by torrential rains. Pools of s: ; 
water had existed for years in proximity to dw 
and insect-breeding swamps lay undrained adja 
the cities and many of the towns. Seventy per ce: 
Panama is now supplied with pure mountain water 
from a storage large enough to furnish sixty ¢ 
per day to each inhabitant after its present popu 
shall have increased one-half. Fifty per cent, of a 
plete modern sewerage system has been installed, 
work on the remainder is being carried rapidly fory 
The first million of brick for paving its streets are 
ground. The city has been fumigated time and aviin 
first house by house, to stop the spread of disease 
again as a unit, that is, the entire city at one timo 
large force is just finishing a thorough cleaning of : 
city—the first scrubbing it has had during its centy:). 
of existence; and Governor Magoon, under whose }); 
diction all this work has been accomplished, is arrat gir 
to raze many of the worst shacks and replace them 
modern sanitary buildings. Within a year, it may con- 
fidently be predicted, Panama will be a city well watered, 
well sewered, well paved and clean and healthy. 

What has been done for Panama is being done for 
Colon and every important labor camp across the I[sth- 
mus. Work on Colon’s water reservoir is well under 
way, and temporary measures are being employed to 
safeguard the city’s health pending the report of a 
Board appointed to recommend plans for permanent im- 
provements. An abundant supply of pure water from 
mountain springs has been provided at Culebra and at 
other important labor centers along the line of the 
— and adequate drainage is being installed in them 
also. 

In these sanitary undertakings 4,100 men are now 
employed. So effective has been the work that yellow 
fever has been virtually extirpated from the Isthmu: 
In June last there were 62 cases of yellow fever thero: 
in July, 42; in August, 27; in September, 6, and in 
October, the worst month of the year for yellow fever, 3 
—no one of the latter among the employees, and ai! 
originating many miles from the line of the canal. In 
regard to general health conditfons, I was told, when 
on the Isthmus in October, that there were over a hun- 
dred less patients in Ancon Hospital than there had been 
for many months, although we had brought in 4,000 ad. 
ditional laborers during the previous two months, and 
it was from the new arrivals that the hospitals were 
usually recruited. 

To fully understand what has been accomplished by our 
sanitary work it is only necessary to compare the present 
rate of sickness with that which prevailed on the Isth- 
mus when the French were in possession. In August, 
1882, the second year of the French occupancy, with a 
force of 1,900 men, the death rate was 112 per 1,000. In 
August, 1905, with a force of 12,000 men, there were 
only 8 deaths, or two-thirds of a man per 1,000. 

We have established a hospital system which includes 
a large hospital at Colon and another at Ancon, and a 
number of smaller hospitals at convenient points along 
the line. The one at Colon is built on piers over the 
Atlantic Ocean, and patients there have at all times the 
benefit of cool and invigorating sea air. That at Ancon 
is one of the largest and best equipped in the worl, 
s.tuated on the hill above Panama and commanding a 
superb view of mountain and sea. 

The management and service of the hospitals are on 
par with the natural advantages and beauty of location 
Colonel Gorgas, who is in direct charge of hospitals. 
has organized a staff of doctors and nurses for which i! 
would be difficult to find a superior anywhere. Mr 
Isham Randolph, one of the members of the Consulting 
Board of Engineers who recently visited the Isthmus 
said, in a letter published on his return: ‘‘The hospitals 
are a source of just pride to our people. If sickness 
could ever be regarded as a boon, it may be so thought of 
in Ancon and Colon.” 

2d. In regard to providing quarters for the employees 
The commission inherited from the French Company 
more than 2,100 buildings, all in bad condition. During 
the past year, 649 of them have been repaired, 58 new 
buildings have oeen erected, and 67 more are in course 
of coustruction; two new hotels, three stories high and 
containing f.0m 55 to 60 rooms each, have been con- 
pleted, and authority has been granted for eight others, 
a portion of which are under construction at the present 
time. Work is in progress also on cottages for married 
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..yees and on bachelor quarters. In this work of 
spuction 2,400 men are employed, and additional 
aor ters are being sent out with every steamer. This 
work is being pressed forward with the utmost vigor. 

-3. In regard to food supplies. This was the most 
«er ous problem that confronted us. If we couldn’t 
feo) the men, we couldn’t build the canal. Owing to 
+). fact that the natives never look beyond their present 

ossities, no surplus food supply ever accumulates. 
+..s normal condition of no surplus was greatly inten- 
fie ; by the almost total failure of the crops for the two 
preceding years, by the abandonment by agricultural 

).borers of their farms back in the hills for work on the 
3 -nal, where they received higher pay for shorter hours, 

: by quarantine against the port of Panama on ac- 
t of bubonic plague, which prevented the arrival of 

(cod stuff from neighboring provinces. 

we were thus brought face to face with the problem 
of feeding 12,000 men, with base of supplies 2,000 miles 

way. 

, ws immediately arranged to open local commissary 
stores at every important labor camp, to provide mess 
houses, and to furnish food, both cooked and uncooked, 
to all employees at cost. We cabled orders to have our 
steamers equipped with refrigerating plants; we arranged 
for the erection of a temporary cold storage plant at 
Colon; and we purchased refrigerator cars for immediate 
shipment to the Isthmus, thus establishing a line of re- 
frigeration from the markets of the United States to the 
commissary stations of the Isthmus. We also purchased 
from individual lessees the equipment in existing hotels 
and assumed their management ourselves. The net result 
of these efforts is that to-day we are affording to all 
employees opportunity «to obtain an abundant supply of 
wholesome food, cooked and uncooked, at reasonable 
prices. The silver men—by which I mean the common 
laborers—are being fed for 30 cts. per day, and the gold 
employees—by which I mean those of the higher class— 
at 90 cts. per day, and it is good food in place of bad. 

The only really valuable instrument essential to canal 
building acquired by our government in its purchase from 
the French was the Panama Railroad. But this in- 
strument, like all the others whose wrecks cover the 
Isthmus, had been neglected and its equipment allowed 
to become obsolete. If the docks, wharves, warehouses, 
terminal yards, locomotives and cars of the Panama 
Railroad had been in good repair, which they were not, 
they still would have been entirely inadequate to properly 
care for and handle the small commercial business the 
road was transacting. The existing facilities, poor as 
they were, were rendered less efficient by the entire ab- 
sence of any mechanical appliances on the docks to assist 
in receiving or discharging the steamers’ cargoes. The 
negro laborer was the only power employed: he was at 
once the only hoisting machine and the only traveling 
crane in use. Imagine, then, the congestion which neces- 
sarily ensued when the accumulated orders in the States 
began to arrive in large quantities on both sides of the 
Isthmus. To aggravate the situation, while the deluge 
of arriving material was at its height, the commercial 
business of the road increased nearly 50% over the year 
before; and at the moment when we thought affairs 
could get no worse, two cases of bubonic plague at La 
Boca resulted in two consecutive quarantines at that 
place, completely tying up that outlet for 60 days. Fur- 
thermore, the personnel of the Panama Railroad as ac- 
quired had not been educated on modern lines, and there- 
fore was completely paralyzed when confronted with the 
onerous conditions caused by this congestion. It was 
necessary, consequently, to begin at once the construc- 
tion of new wharves equipped with modern mechanical 
appliances, and of large terminal yards at both ends of 
the road: of extensive warehouses; of suitable machine 
shops, and of a modern coal hoisting plant, which will 
reduce the cost of handling coal from ship to engines 
from $1.30 to about 12 cts. per ton. 

We have also purchased new and more powerful loco- 
motives, larger cars for both passenger and freight ser- 
vices, and heavy steel rails for relaying the road, and 
have strengthened the bridges to enable them to carry 
the heavier equipment. We have reorganized the per- 
sonnel of the road, putting into the higher positions ex- 
perienced, aggressive, up-to-date men, with the result 
that with the old equipment and facilities they have 
cleared up during the last thirty days an accumulation 
of over 12,000 tons of commercial freight. With the 
advent of our increased dock facilities, terminal yards 
now nearly complete, and new power and equipment now 
arriving, the road will be in a position to handle effi- 
ciently and economically a vastly larger volume of busi- 
ness than heretofore. 

While all this necessary work was in progress, the task 
of purchasing, forwarding and distributing the enormous 
quantity of materials and supplies of all kinds was re- 
ceiving our constant and most careful attention. The 
purchases included not only the items entering into the 
permanent plant, but also those required for the pre- 
liminary work. The approximate total cost of our pur- 
chases was about $9,000,000. 

It should be borne in mind that at the time when orders 
for most of these items were placed, the industries of the 
United States were crowded with domestic business, and 
were unable, consequently, to make prompt deliveries. It 
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should be borne in mind, also, that after machinery had 
been manufactured here and set up, it had to be taken 
apart, shipped 2,000 miles over steamship lines already 
taxed to their full capacity, and on arrival on the Isth- 
mus had to be again set up before ready for use. Then, 
too, on account of many reports as to the prevalence of 
yellow fever on the Isthmus, it was very difficult at a 
critical time for concerns furnishing material to get 
steamers to take it there, because of fear that their crews 
might become infected and their vessels might be quaran- 
tined when they wished to return to the United States. 
Finally, the steamers of the United Fruit Line from New 
Orleans, which had been carrying a considerable amount 
of the freight going to the Isthmus, were put out of 
service on account of yellow fever in that city. 

To the various causes of delay mentioned is to be 
added the requirements of law that all bids for materials 
used in government work shall be advertised for. This 
compels a delay in all cases of from ten to thirty days. 

Furthermore, in addition to the purchases for the canal, 
the following have been ordered for the Panama Rail- 
road: 500 40-ton box cars, 12 caboose cars, 10 refrigerator 
cars, 6 passenger coaches, 24 locomotives, 2 wrecking 
cranes, 1 locomotive crane, 1 pile driver, 3 100-ton track 
scales, 1 modern coal hoisting plant, 1 cantilever crane 
coal hoisting plant. 

In regard to all equipment purchases, both for the 
canal and the railroad, it should be stated that the gage 
of the Panama Railroad being wider than the standard 
gage in the United States made it impossible to use 
second-hand rolling stock of any kind; all locomotives 
and cars had, therefore, to be built to order. The elimina- 
tion of yellow fever and the establishment of better sys- 
tems of housing and feeding the employees have enabled 
us to recruit our working forces till those assigned to 
the material and supply division now number over 2,100 
men. 

I have so far endeavored to give you an idea of the dif- 
ficulties which we have had to encounter and overcome 
in order to make the Isthmus a place fit to work in, and 
to collect the tools with which to work. So far as actual 
excavation and dredging are concerned, we have not en- 
deavored to accomplish much. As a general principle, 
in which I think you will all concur, it is inadvisable 
to attempt to run a railroad before the tracks are laid. 
We are now working, however, six steam shovels in 
Culebra cut, which is the largest single factor in the 
construction of the canal, and have removed approxi- 
mately one million cubic yards of material By this 
work we are accomplishing two things: First, we are 
putting the levels of the cut in proper condition for the 
installation of the largest number of machines which can 
be effectively operated; and, second, we are gathering 
data which will be useful in future estimates of the 
cost of canal construction. In the Culebra work 2,600 
men are now employed. We are also building railway 
tracks and yards, and are dredging at both ends of the 
canal, so far as advisable until the question of type of 
canal is decided. It should be understood that all the 
work we have done is applicable to any type of canal. 

The question of labor is a grave and perplexing one. 
We have advanced far enough to know that we can secure 
a sufficient supply of labor from the tropics, so far as 
numbers are concerned. The question of quality is a very 
different matter. Unless a much greater efficiency can 
be developed than is secured at present, we shall have 
to look elsewhere. 

To these tropical laborers we are paying from 80 to 
90 cts. per day in gold, and it is estimated that we do 
not get more than 25% of the efficiency of labor in the 
United States. This is the kind of labor to which we 
are compelled to apply the eight-hour law—that is, to 
aliens who know nothing of the law’s existence until they 
arrive or the Isthmus. Such application will increase 
the labor cost of canal construction at least 25%, and wil 
add many unnecessary millions to the total expenditure. 

In my opinion it is a mistake to handicap the con- 
struction of the Panama Canal by any laws save those 
of police and sanitation. I want to go on record here 
that the application of the eight-hour law, of the con- 
tract labor law, of the Chinese exclusion act, or of any 
other law passed, or to be passed, by Congress for tne 
benefit of American labor at home, to labor on the 
Isthmus, is a serious error. Over 80% of the employees 
of the canal will be aliens. A majority of the other 20% 
employed will be in a clerical or supervisory capacity. 
The application of these laws on the Isthmus will benefit 
a very small number of American laborers but will enor- 
mously add to the cost of construction and American 
labor at home will have to pay its share of the conse- 
quent increase in taxation. 

In line with this, let me add that Chief Engineer 
Stevens is preparing thfee complete sets of plans ap- 
plicable to as many types of canal, so that when decision 
shall have been reached as to what type will be used, 
no delay in beginning work will ensue. It is our con- 
fident belief that by the first of July next the plant as 
purchased will be installed and working to its fullest 
practical capacity. In other words, by that time the 
dirt will begin to fly in earnest. 

Tae canal will be built—rest assured of that—and it will 
be built at Panama. Those two phases of the problem 
have passed irrevocably from the field of debate. 


There is an industrious and voluble band of hired 
Ananiases moving to and fro in the land whose mission 
it is to deny this. Who is capitalizing this industry? 
What is the bountiful source of this spouting spring of 
mendacity? What interests, except those foolishly dread- 
ing the competition of an Isthmian Canal, would put up 
money to delay and possibly defeat its construction? That 
there are interests of that kind is not a matter of sus- 
picion or speculation, but of history. They have been 
fighting a canal for more than half a century, and they 
fought it successfully till Theodore Roosevelt, armed with 
his “big stick,"’ appeared as its champion. Behind 
Theodore Roosevelt stand the American people in solid 
mass and with determined front, shouting as one man: 
“Give us a canal that will be adequate to meet the de- 
mands of the commerce of the world, and give it to us 
at the earliest possible moment.’’ That, gentlemen, is the 
command which the Commission, under the inspiring lead 
of the President, is obeying to the letter. 


A DERAILING DEVICE FOR SIDE TRACKS. 

The importance of preventing cars or trains 
on sidings from being accidentally or maliciously 
moved, or blown by the wind, so as to foul the 
main track, is now very generally recognized, 
and numerous derailing devices and stop-blocks 
are in use to eliminate this danger to trains. The 
accompanying cut represents a derailing block 
which is in use on the Union Pacific Ry. and is 
to be tried on other roads. 
oted cast-steel 


It consists of a piv- 


or pressed steel derailing shoe, 


5 


Derailing Device for Sidetracks. 
T. F. Costello, Grand Island, Neb. 


which is operated from the switchstand, the 
movement of the switch lever moving both the 
switch and the derail. A special feature of the 
device, however, is a heavy coiled spring in the 
rod connecting between the switch and derail. 
When a train is running onto a switch this 
enables the brakeman to close the switch and 
get on the train as soon as the last car has 
cleared the switch, without waiting for it to clear 
the derail. The wheels of cars between the switch 
and derail will then push the latter clear of the 
rail, as in operating a spring-rail frog. With 
this device, also, a long train backing into a 
passing siding cannot be pushed in so far that 
the rear cars will foul the switch at the other 
end of the siding. The device is the invention 
of Mr. C. Mitchell, and is made for him by the 
American Brakeshoe Co., of Chicago. It is now 
being handled and put on the market by Mr. T. 
F. Costello, of Grand Island, Neb. 


SETTING OUT AND CHECKING CIRCULAR AND TRANS- 
ITION CURVES IN RAILWAY TRACK. 

While much mathematical and instrumental 
work is expended in the laying out of railway 
curves and in the occasional rectification of these 
curves, yet the everyday work of maintaining the 
curves in proper alinement is largely a maiter of 
rule-of-thumb practice, in spite of the important 
relation of curve alinement to the safe and smooth 
running of trains. A simple instrument by 
which the section foreman can readily check the 
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accuracy of his curves has been designed by Mr. 
F. A. Smith, Railway Exchange Building, Chicago, 
and is iilustrated in Fig. 1. It consists of an 
angle bar A, 5 ft. long, at each end of which is a 
transverse saddle B which rests on the rail head. 
Over each saddle is a flat seat or rest C, on the 
upper face of which a removable graduated scale 
D (at right angles to the rail) is fitted when the 
instrument is in use. The saddles B are so spaced 
that the instrument can also be used as a track 
gage. At the center of the bar is riveted a cast- 
ing E, having a bearing F for two grooved col- 
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lars G, G, to which are attached the ends of meas- 
uring wires of No. 22 copper wire. When not in 
use, the wires are coiled on a 3%-in. grooved wheel 
Hi, with frame and handle. To the free end of 
cach wire is attached a scale J, which is graduated 
for curves up to 24° and has a sliding piece or 
rider K, which is adjusted to the exact length of 


chord. The instrument is made to measure 25- 
ft. chords. Through this attachment passes the 
pin L. 


LINING AND SETTING OUT CURVES.—The 
operation for lining curves with this instrument 
is shown in the diagram Fig. 2. A stake is driven 
in the middle of the track at the point of curve 
A and another at B, 25 ft. back on the tangent. 
The man with instrument places it with the cen- 
ter point over the center of the first stake A, and 
the rear man sets the pin at the end of his wire 
over the center of the rear stake B. The instru- 
ment man then shifts the bar until the rear wire 
is over the center mark on the scale at the rear 
end (when the bar will be parallel with the tan- 
gent), and lines in the front man until the front 
wire crosses the mark of the given degree of curve 
on the seale at the front end of the bar. The 
front man then drives a tack at this point C, 
either in a stake or on a tie, and the three men 
move forward 25 ft. With the instrument at C, 
and the rear end of the wire at A (point of curve), 
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Fig. 2. Diagram Showing the Methods of Using the 
Curve Gage. 


the instrument is swung until the center mark 
won the rear scale is in line with the wire, 
and the front man is then lined in until his wire 
crosses the front scale again at the mark of the 
given degree of curve. The operation is repeated 
around the curve, and gives center marks at 25 
ft. intervals. 

~ CHECKING CURVES.—To tell whether a curve 
is in proper and uniform alinement, the instru- 
ment is placed on the outer rail of the curve with 
its center pin against the gage side of the rail 
head opposite the point of curve, as at W, Fig. 2, 
while the front and rear men also place the pins 
at the ends of the wires against the gage side 
of the rail head, as at X and Y. The instrument 


is set parallel with the tangent by bringing the 
rear wire over the center of the scale at the rear 
end, and the graduation at which the front wire 
‘hen crosses the front scale is noted, showing the 
degree of curve. The instrument is then shifted 
to Y, with the ends of the wires at W and Z. The 
var is swung until the rear wire crosses the center 
mark on the rear scale, and the graduation at 
which the front wire crosses the front scale is 
again noted. This operation is repeated around 
the curve. The graduation shown by the front 
wire will be the same at each point if the curve 
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Length of arc BL = 

aw R(X — Y) + 180 = 0.01745 R (X 
Length of arc BE = 

ar X + 180 = 0.01745 r x 

Subtracting equation (4) from 13) gives the 
in length of the two arcs: hence 
BL— BE = 0.01745 [R (x — y) — r X] 

If the radii (or the degrees) of the two curves ; 
and the offset n = H E, the angle X can be obta: 
equation (1), thus: 

Con X = (R —~r —n) + (R — 

Since the spiral passes through the middle of 

at M, and joins the old curve at B; the point M 


¥) 


Sectional Elevation 


is true. Otherwise the several readings are added 
together and the sum is divided by the number 
of readings, which gives the proper degree for the 
curve, and to which it must be adjusted. 

TRANSITION CURVES.—Where easement or 
transition curves are used it is a difficult matter 
for the trackmen to check or adjust their aline- 
ment, but this is rendered much simpler by the 
instrument above described in connection with a 
table of offsets. 

For laying wut transition curves on the track 
to fit existing circular curves, Mr. Smith employs 
the following method. The are B A jin Fig. 3 
represents a 5° circular curve with P C at A, for 
which a transition curve is to be laid out. The 
length of this curve is to be 300 ft., which gives 12 
chords of 25 ft., six of these being opposite the 
curve and six opposite the tangent. A 6° curve 
inside the main curve is assumed, as shown by the 
are B E, the length being 150 ft. and center angle 
9°, which gives an arc of 180 ft. The point of 
circular curve, B, is found by measuring 180 ft. 
from A on the 5° curve, and the tangent B T 
staked out. Six 25-ft. chords are then staked 
out on the 6° curve to the P C at E, with tangent 
E F parallel with the track tangent H A. The 
perpendicular H E is bisected at M, the point M 
being the middle of transition curve, and H M 
the offset. The point H is fixed on the tangent 
of the 5° curve, and from it are measured six 25- 
ft. chords to S, which will be the P C of the tran- 
sition curve. Divide the length of offset H M 
(in inches) by 216 and measure off as ordinates: 
once this amount at 5, 8 times the amount at 4, 
27 times the amount at 3, 64 times the amount at 
2, and 125 times the amount at 1. Starting again 
from E (on the 6° curve) measure off similar or- 
dinates; that at 6 equal to that at 1; at 7 the 
same as 2, and so on to B, the P C C, where the 
transition curve merges into the circular curve. 
Stakes and tacks are driven at the ends of these 
ordinates and mark the line of the transition 
curve, which is shown by the line S M B in Fig. 3. 

It will be seen that for the use of the trackmen 
no formulas are given, but the mathematical an- 
alysis of this method is given by Mr. Smith as fol- 
lows: 

In Fig. 3, let A be the P C of the original circular 
curve of radius A C = R. Let E be the P C of the inner 
curve, of radius E D=r. Let B T be the common tan- 
gent from B, and the angle B D E equa! to ihe angle 
BCA=X. Draw DG rormaltoAC, thn CG=DC 
cos X. But DC = R —r; hence C G = (R — r? ens X. 
GF= r; and A C — (F G+ C G) = offset A F 


AF= R—r— (R —r) cos X = (R —r) (1 — cos X) (1) 
DG=EF=H A= (R—pr) sin X 
Angle Y is found as follows: 
Tan Y EF +CF=/‘R —r) sin X + R— (R—r) 

(i — cos X) ) 


(1%) 
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GAGE FOR LINING AND CHECKING CURVES IN RAILWAY TRACK. 


the middle of the spiral, and the length M B is halt : 
length of the spiral. As the difference in length betwe« 
BE and BL is slight, the length of MB may be tak: 
as equal to either of these in fixing the point S: or i! « 
be better to take it as equal to half the sum of BL an} 
BE. 

Since A (the PC) is fixed, M is found by measuring 
AH along the main tangent, and measuring H M perp: 
dicular to A H: H M = half the offset H B. Then fro 
point H to the right, measure HS equal to BE, ani s 
will be the point of spiral. 

To illustrate this by an example, suppose that the en‘ 
of a 5° curve is to be spiraled as in Fig. 3. The curvatur 
at B would be increased to 6°, and the angle X fixed a! 
(say) 9°, which would make the arc B E equal to 150 ft 
or six chords of 25 ft. The length of arc A B would th: 
be 

0.01745 x 1146 x 9 = 180 ft. 


Measure from A a léngth of 180 ft. on the old 5° curv: 
which fixes the PCC at B, and stake the tangent BT 
Place the Smith curve gage at B, and stake out six 25 f 
chords of a 6° curve in the way already described, and 
ending with the tangent E F parallel with H A, which can 
be checked by measurement. The offset E H may then bs 
checked by formula (1), and substituting values for th 
problem we have: 

(1146—955.3) (1—0.98769) = 190.7 x 0.01231 = 2.347 ft 
28.164 ins. 

Half of this (14.082 ins.) gives the point M, which i 
the central point of the spiral. Beginning at H (as be 
fore at B) measure and stake out six 25 ft. chords on the 
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Fig. 3. Diagram of Transition Curve. 
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tangent to point S. According to the law of the « 
parabola the ordinates at these points are easily 4 
mined. As there are six of them, the first (at poin' © 
would be equal to: T 


Ord. at (5) = 14.082+68 or. 14.082 +216 = 0.0652 in., 0: 
4)= 0.0%2x 8 


( 
0.0052 x 27= 
“ WM= 
@M= x 216 = ..... 


Between M and B, the spiral is located in the same » 
the ordinates at points 6, 7, 8, 9 and 10 being ©) 
to those at 1, 2, 3, 4 and 5 respectively. These dist« 
must be measured carefully opposite points on the c 
and a good way to do this is to stretch a light stri: 
thread of cotton frum B to EB, touching the points 6 
se as to facilitate the measuring #! the ordinates. 
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Perhaps the greatest difficulty with which the 
Panama Canal work has had to contend during 
the past six months has been the glut of freight 
at the Colon terminal, due to the insufficient 
facilities at that point for handling traffic. A 
very interesting part of Mr. Shonts’ speech, 
printed in this issue, is his statement of what has 
been accomplished to remedy this condition. It 
would appear that the facilities are now available 
to promptly care for and forward the materials 
and supplies necessary for the canal work; and 
every engineer will understand how important 
this is to its orderly and economical conduct. 

We are enabled to supplement Mr. Shonts’ 
statement with the following letter, written to 
Mr. Shonts by Chief Engineer Stevens, under date 
of Oct. 30. 


I spent yesterday (Sunday) at Colon, going through the 
dock and freight situation both there and on the rail- 
road, and I am exceedingly well pleased at the improved 
conditions which are everywhere manifested in the 
freight sjtuation. 

I have never seen the docks so well cleaned up, nor the 
entire business, in the receiving and transferring of local 
and through freight, in such good condition. The good 
effect of the demurrage after 48 hours of $5 per day, 
which we put in force some time since in Panama and 
Colon, is already manifested, and instead of local mer- 
chants at those points using our limited dock and station 
facilities for storage purposes, they are now arriving 
at the understanding that this policy will not be permit- 
ted and are making steady improvement towards taking 
care of their own freight, as they should. 

The Pacific Mail Steamer ‘‘City of Peking’’ left La Boca 
to-day with a full cargo. The loading of the ‘‘Aztec’’ is 
progressing finely, and unless we are handicapped by 
lack of labor through Fiesta week she will get away in a 
‘few days, and her departure will clean up all of the ac- 
cumulation of freight for Central America, Mexico and 
northern ports, which resulted from the recent quaran- 
tine regulations. At the same time the freight for South 
American ports is in a normal condition, as in fact it 
always been. 


. The performance of municipal work by mu- 
nicipal forces instead of by the contract system, 
‘is a policy which has been followed by the city 
of Winnipeg, Canada, for several years, and dur- 
ing a recent visit to that city we were informed by 
the City Engineer that fully 95% of this work 
is done by the city itself, with most satisfactory 
results. In connection with this, there is of 
course a certain amount of municipal ownership. 
Like most other large cities, Winnipeg owns. its 
‘water supply system, and in connection with this 
it also operates a water-softening plant. It also 
does its own trenching and pipe-laying, having a 
‘cableway for this work; and it is now sinking 
the wells for an additional water supply. :~The 
large new concrete storage reservoir is being 
built ,by..centract, but in order to expedite the 
work in an endeavor to have it completed before 
cold weather, the city sent out to the reservoir 
a concrete mixing plant generally employed on 
Street construction work. The city is also building 


a high-pressure fire-protection water supply sys- 
tem, with about three miles of distribution mains, 
and taking water from the Red River. The city 
does all its street work, both construction and 
repair, and for this purpose has not only con- 
crete-mixing machinery and other apparatus, but 
also a large asphalt plant, as asphalt is very ex- 
tensively used for streets having heavy traffic as 
well as in residence districts. In connection with 
the residence streets, the city also takes care of 
the grass strips or “boulevards” between the curb 
and sidewalk. Where this is left to the residents 
or property-owners there is apt to be great lack 
of uniformity, and the strip may be neglected or 
very unsightly where the people are careless or 
the houses or lots are vacant. The city builds 
its own sewers, and has a trenching machine 
(with long trestle spanning a length of trench) for 
this work. For the manholes, annular concrete 
blocks are used, and these are made at the city’s 
yards. A quarry for block and concrete stone 
is owned and operated by the city, as is also a 
garbage crematory. A short time ago it was pro- 
posed to establish municipal gas works, but the 
proposition resulted in such a reduction of rates 
by the gas company that no definite steps have 
been taken and the matter is held in abeyance. 
The city is now proposing, however, to establish 
a municipal water power plant to generate elec- 
tricity for lighting and power purposes. The lack 
of cheap power is a drawback for manufacturing 
plants, and the intention is to sell surplus power 
at very little above cost of production in order 
to encourage the establishment of manufacturing 
enterprises. It may be noted here that in Winni- 
peg wood is largely used for both domestic and 
boiler fuel. The water power plant would be on 
the Winnipeg River, 60 or 70 miles distant, and as 
the city’s charter does not permit it to undertake 
work outside of its own limits, a citizens’ ‘‘asso- 
ciation” has been organized to build the plant 
and transmission line as a construction com- 
pany, and then turn them over to the city for 
operation. 

Annual guarantees are coming into general 
use by contractors bidding on Government work 
for the War or Navy Department in lieu of filing 
certified checks with every bid. The certified 
check ties up funds, often for a considerable time 
until decision on the award of a contract is made, 
and without any benefit to the bidder in case he 
does not receive the award. In place of this a 
contractor may file with the Department on 
whose work he proposes to bid, a guarantee exe- 
cuted by a responsible bonding company that 
in case any of his, proposals made during the 
year are accepted, he will within ten days after 
notification execute the contract to perform the 
work and give satisfactory sureties therefor. 

Such annual guarantees are not only of advan- 
tage to the contractor, but they simplify the work 
of the Government officials, who are relieved of 
the responsibilities of caring for a number of cer- 
tified checks and seeing them returned to their 
owners after every letting. 


> 


The Cuban Government has recently been re- 
sponsible for a very strange proceeding in the 
letting of a large contract for pumping machin- 
ery for the Palatino Pumping Station, in the 
suburbs of Havana. 

Advertisements were issued Aug. 19 last invit- 
ing contractors to submit bids for pumps of 5,000 
gallons per minute capacity, internal combustion 
engines to furnish the power and suction gas 
producers. Bidders were required to submit 
with their proposals extensive drawings and de- 
tail specifications describing the machines it was 
proposed to furnish. The advertisement stated 
that bids would be publicly opened at 2 p. m., Oct. 
18, by a commission made up of the Director- 
General of the Department of Public Works, the 
Chief. Engineer of Havana and the Attorney of 
the Department. Copies of the invitation to bid, 
with Wpecifications, were translated into Eng- 
lishi,, and sent to several contracting firms in the 
United States. 

One of the firms undertaking to bid on this 
contract was Messrs. Bellman & Sanford, of 149 
Broadway, New York City. A large amount of 
work was expended by them in preparing the nec- 


essary data, plans, etc., with the intention to bid 
in good faith for the contract. When this work 
was far advanced, on Oct. 6, the contractors re- 
ceived official notice that the work would be re- 
advertised, and this was followed ten days later 
by the announcement that the contract had been 
let to a firm of Havana contractors on Oct. 11, a 
full week before the advertised date of letting. 

We are not stating the case any too strongly 
when we say that such action is nothing short 
of a fraud upon honest contractors acting in 
good faith. The public invitation to bidders acts 
at once as a bar to the letting of a contract 
privately. The contractor who spends time and 
money in the preparation of a bid does so on 
the strength of an implied promise that his bid 
will receive fair consideration when it is offered, 
and he is defrauded of his just dues if after all 
his expenditure in preparing the bids asked for he 
is denied even the chance to present it. 

In view of the patent injustice of the action 
by the Public Works Department, Messrs, Bell- 
man & Sanford immediately cabled a formal pro- 
test to the President of the Cuban Republic, Hon. 
T. Estrada Palma, which was supplemented by 
protests from: The Power & Mining Machinery 
Co., Henry R. Worthington and Goulds Manu- 
facturing Co., whose apparatus was to be offered 
by Bellman & Sanford as fully meeting the ex- 
ceptionally exacting specifications. In response 
they received, under date of Nov. 3, a letter 
from the Secretary of the Department of Public 
Works, which we print in full as follows: 


Your letter of the 27th ult. addressed to the President, 
inviting attention to another of the 17th, protesting 
against the awarding of the contract for the Palatino 
Pumping Station, has been referred to this office. 

In reply I beg to state that said contract was awarded 
to the firm of Hempel & Co. in conformity with .ae pro- 
visions of the regulations for the government of the De- 
partment of Public Works (Order No. 220), as it was 
considered most advantageous to the interests of the 
Government to have pumps furnished by said firm that 
had already been tried by the department and proved in 
every way satisfactory. 

In view of the facts, this office does not consider that 
any grounds exist for protest. 


With all due respect to the officers of the De- 
partment of Public Works, we are obliged to 
say that this is the sort of explanation that does 
not explain. If the Cuban Government wishes t9 
let a contract to a particular bidder without com- 
petition for any reason or for no reason, it nas 
an undoubied right to do so, provided Cuban 
citizens and taxpayers are willing. But the tims 
to let contracts privately is before inviting other 
ecntractors to submit bids and not afterwards. 

It <cppears to us, moreover, that in this matter 
the reputation of the Cuban Government for good 
faith and honest dealing is at stake. Whatever the 
motives may have been for making the abovs 
award, contractors are certain to put an unfavor- 
able interpretation upon it. The occurrence 
will practically act as a warning to contractors 
that they cannot risk money in bidding on Cuban 
public contracts except with the aid of political 
or personal influence or a large allowance for 
graft. We hesitate to believe that this was the 
intention of the Havana authorities. They have 
too much at stake to permit such a reputation 
ecnecerning the character of their Government 
to spread abroad in the United States. We pre- 
fer to think that the Department of Public Works 
has acted in this matter in ignorance of the im- 
portant precedent which it was. establish- 
ing and the results which are certain to grow out 
of it; and that, on due consideration, it will 
rescind its recent action. 

REFLECTIONS ON SEWAGE FARMING SUGGESTED BY 
EXPERIENCES AT READING, ENGLAND. 

Sewage farming is practised so little in the 
United States that the success or failure of that 
method of sewage treatment in other countries 
may at first thought seem to be chiefly of aca- 
demic interest. There are, however, a few sewage 
farms in the Far West and we have long held 
that there might well be more. Other reasons 
for taking note of sewage farming abroad will 
be mentioned later. 

Of the many sewage farms in England that at 
Reading is one of the largest, comprising a total 
of 869 acres. The Reading farm was one of a 
half dozen or so in Great Britain visited a little 
more than a year ago by a member of the edi- 
torial staff of this journal. It bore evidence of 
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careful and intelligent management, but of poor 
selection of some of the land, thirty years ago, 
and of misdirected efforts in certain directions, 
particularly in horse breeding. The records als». 
showed that for some years the farm had been 
run at a loss and that this loss had been carried 
on the books from year to year, instead of charg- 
ing it off as the net cost of sewage disposal. In 
other words, the authorities stuck to the fallacy 
that sewage farming should produce a net rev- 
enue instead of merely being a means of lessening 
the cost of inoffensive sewage disposal. 

Early in the present year a report on the opera- 
tions of the Reading sewage farm was made to 
the Farm Committee of the Reading Council 
by Messrs. Arthur A. Avis, Manager of the Not- 
tingham Sewage Farm, 8. W. Farmer, who is a 
farmer in fact as well as name, and Lieut.-Col. 
Alfred S. Jones, V. C., Assoc. M. Inst. C. E., who 
has charge, in behalf of the War Department, of 
the Aldershot Camp Sewage Farm. The report 
throws no little light on some aspects of British 
sewage farming, at the same time reflecting the 
opinion of two of the best known and most able 
sewage farm managers in Great Britain. 

Before giving further consideration to the re- 
port we wish to make some reflections designed to 
show that all England has not yet run wild over 
septic tanks, contact beds and percolating filters. 
We do not say this in disparagement of those 
methods of sewage treatment, as adapted to con- 
ditions either abroad or at home, but solely in 
the interests of better information and more con- 
servative action in America. The septic tank in 
particular has fastened upon the American public 
mind, and even upon the minds of some of our 
engineers, as being a veritable sewage panacea. 
Well informed persons know that it is only a par- 
tial means of sewage purification, and one that 
still presents some problems for solution: a 
method excellent in its place, and sometimes ful- 
filling all present local demands for sewage treat- 
ment, but giving a variety of results with a 
diversity of conditions and by no means doing 
away with all sludge or rendering the sludge 
residue always pleasant to handle. Contact beds 
and percolating filters have their limitations, also. 
In England, itself, their very birthplace, contact 
beds have but recently been declared “unscien- 
tific,” and that seeming too weak a condemnation 
the speaker added almost in the same breath that 
they were “dead” (see pp. 411 and 413, Eng. News, 
Oct. 19, 1905). Other instances might be cited to 
show that not only is all England not wild over 
the newer processes of sewage treatment but also 
that not ali England is agreed on the relative 
merits of the various new processes. Even 
chemical precipitation is continued without con- 
cern in many English as well as some American 
cities. As intimated at the beginning of this 
article, many sewage farms are still in use in 
England, and, it may be added, with no apparent 
intention of abandonment. Some of them, like the 
ones at Reading and Nottingham, employ no pre- 
liminary processes of treatment. Others, like the 
large Leicester farm with its stiff, dense clay, 
have settling tanks and propose to relieve the 
land still further by providing larger tanks and 
single contact beds; still others, like the one at 
Birmingham, are giving even more relief to the 
land than is proposed at Leicester, while still 
again some small and long over-burdened land 
areas, like that formerly serving Aldershot town, 
have been abandoned wholly in favor of rapid 
filtration. 


In view of the foregoing facts anyone wishing 
to keep broadly informed regarding present sew- 
age works practise can scarcely fail to be inter- 
ested in the Reading report. Persons with a much 
narrower outlook may well be interested in cer- 
tain phases of the report, in view of the fact that 
sewage farming is already practiced in the Far 
West to a limited extent and that the possibili- 
ties of sewage irrigation, for the sake of water 
conservation, deserve careful attention by farmers 
and economists alike. 

Taking up in their order such points in the 
Reading report as promise to be instructive to 
some of our readers we note first of all that the 
percentage of acreage under actual sewage irri- 
gation is smaller than might be expected by one 


not already familiar with the fact that the 
exigencies of land purchase and of farming opera- 
tions generally make ii necessary to have a sew- 
age farm embrace a considerable area not avail- 
able for the application of sewage. At Reading, 
102 of the 869 acres are taken up with “allot- 
ments, roads, brooks, buildings, etc.,” and about 
140 acres more are above the level of the sewer 
outlet. This leaves 627 acres, or 1 acre to 112 
population, available for sewage irrigation. Of 
this, 423 acres actually receive sewage, or in 
other words there is 1 acre to 180 persons. It 
appears from the report and the accompanying 
comments of the Chairman of the Farm Com- 
mittee, Mr. W. M. Colebrook, that some of the 
land has been “‘sewage sick” in the past, through 
defective underdrainage due largely to a high 
water table not readily lowered, to very wet 
weather, and to other local conditions which, like 
the remedies suggested, are chiefly local and need 
not be considered here. 

Possible septic action in a long outfall sewer is 
mentioned in the report as a reason for keeping 
the sewage in motion until absorbed by the land, 
thus preventing ponding and consequent odors. 
This septic action in the outfall, combined with 
the breaking down of solid matters by pumping, 
doubtless contributes somewhat to the ease of 
operating the farm without any of the ordinary 
means of preliminary treatment. Such possibili- 
ties may very properly be considered in laying 
out sewage works. 

In discussing the commercial aspects of the 
Reading sewage farm the authors ef the report 
first commend the “Farm Steward [Mr. Thomas 
Chettle] and his staff’ for their zeal and energy 
in managing the farm. They then analyze the 
horse breeding accounts and show an average 
apparent profit on this score of some $1,600 a 
year for the five years ending with 1902-3, and 
about $1,500 for the year 1908-4, but the latter 
item, at least, contains no allowance for “keep 
and attendance of brood mares, stallions and 
colts.” It appears, from the Reading accounts 
and from those of other British cities that have 
come to our notice, that defective municipal ac- 
counting is by no means limited to the United 
States. There were 74 horses on the farm on 
March 31, 1903, and 72 horses a year later. Some 
were used for farm work, but the report states 
that “before the purchase of steam tackle, the 
steward estimated that 35 horses could do the 
work on the farm.” Steam tackle, it should be 
understood, means steam plows and the like, 
which are commonly employed on large British 
sewage farms. 

Milk production at Reading seems to have de- 
clined in order that horse breeding might be prac- 
ticed. Thus, in 1886, there were on the farm 23 
horses and 456 cattle, and in 1904, 72 horses and 
242 cattle. 


An examination of the whole financial opera- 
tions of the sewage farm for the past 21 years 
showed that the accounts had been “so largely 
affected by the item ‘horse hire,’ under arrange- 
ment with the Highways Committee,” that a de- 
tailed examination of the accounts with reference 
to present conditions and management did not 
seem to the committee worth while. This is an- 
other refiection on British municipal accounting 
which we merely note in passing. As to total 
yearly results Mr. Farmer, in an individual mem- 
orandum, states that of the eleven years ending 
March 31, 1894, seven showed book profits and 
four showed book losses, but for the ten years 
ending March 31, 1904, a book profit was shown 
for the single year 1889-90, only. The net book 
profit for the first eleven years is given as £100 
and the losses as £14,029, leaving a net book loss 
for 21 years of £13,929, or about $68,000. Dis- 
tributed over 21 years, this is an apparent loss 
of about $3,200 a year. The actual loss must be 
increased, Mr. Farmer states, by £800 a year for 
land rent and £500 a year on a capital of £12,000 
invested in tools, thus nearly doubling the annual 
loss shown by the books. 

Some $6,000 to $6,500 a year as the average net 
cost of sewage disposal for ten years (the loss 
being practically all during the past ten years) 
does not seem a very bad showing on its face for 
a town now having a population of about 72,000. 


But compared with a net book profit of «: 
a yoar for the preceding eleven years. ; 
by a proper system of accounting, on), te Pe 
charges on land and equipment to be q.. . 
the farm, the recent showing appears }),. - 

How much of it is due to lack of judg: | 
poor management and how much to rei} 
agricultural conditions we cannot Say, as nt 
port is silent on the latter point. That : 
opinion of the committee mistakes h... 
made is apparent from its recomnmiended ras 
given below. 

It appears to us as possible that 
profits shown during the earlier or ele, 
period were partly derived from the por 
the farm operated solely as such; that is, 
the application of sewage. Mr. Farmer, 
separate opinion, however, seems to hold :) 
municipal farming operations should be c, 
to the area needed for sewage treatment, an), ¥ 
the remainder of the land should be rent. i 
This indicates that in his opinion the extra { 
ing operations are a financial disadvantage. \ 
likely he is right, but possibly that sort of 3 
cannot be avoided. The two other membec:. «+ 
the committee think Mr. Farmer's solutj.: 
simplification of the financial problem impra 
cable, and that the inherent loss due to th, 
cost of sewage disposal is the larger part he 
total loss. The Farm Committee and Farm P40. 
iff also appear to think that all or the ma ir 
part of the land is essential to well-balanced 
operations on the area required for sewice 
disposal and that in any event more land 
soon be required to care for the sewage. 

Anyone familiar with municipal land-purehas- 
ing operations knows that when large areijs are 
required, and particularly when provision must 
be made for increased future needs, some un- 
desirable and perhaps unusable areas must be 
bought. It requires a high degree of manageria! 
ability to make such areas self-supporting. Some- 
times it is far better to stand the capital charges 
than to run a risk of not making operating ex- 
penses in attempts to get a revenue from such 
land. As a rule, however, a judicious manage- 
ment will find some way of reducing the carrying 
charges, on all parts of the land area, but this 
cannot be done with much promise of uniform 
success unless there is a better system of munici- 
pal accounting than prevails in some British and 
American cities. 

Towards the close of its report the Committee 
sums up the most promising means of diminishing 
future losses, which losses it fears “are insepar- 
able from your sewage farming.’’ These contain 
many suggestions regarding what to do and what 
not to do at Reading, some of which, with intelli- 
gent allowances for variations in local conditions, 
are equally applicable to sewage farms in general. 
We therefore quote the recommendations, as fol- 
lows: 

(1) Extension of irrigation to grass land. 

(2) Reversion to the practice of supplying grass, hay, 
corn and straw, carrots, etc., required for consumption 
by the Highways Committee’s horses as far as possible 
from the produce of your sewage farm, all such being 
charged at fair market or contract rates. 

(3) Reform the herd of cattle as follows: (a) The 
dairy to consist of heavy milkers after third or fourth 
calf bought in and sold out fat when dry. (b) Young 
stock bought when required to consume surplus farm 
produce. 

Our argument for a reduction in the extensive system 
of horse and cattle breeding is that a sewage farm man- 
ager should concentrate his attention on the proper dis- 
tribution of the sewage and upon rapid disposal of the 
large crops resulting therefrom; also because the ma- 
nurial return derived from cake and corn fed to young 
stock on an ordinary farm cannot be realized where 
abundant manure comes to the land in the form of 
sewage. 

(4) Discontinue market gardening. 

(5) Every effort should be made to sell green Italian 
rye grass, mangolds and farmyard manure at a rea- 
sonable price, because it is a well-known fact that they 
can be produced by sewage on such land as yours in 
such abundance that—given a ready market for that raw 
material—you can afford to sell at extremely low whole- 
sale rates. And we are not satisfied that the managemen' 
of the Manor Farm has sufficiently advertised the «x- 
cellent quality of its goods and the advantage whi! 
horse and cow keepers of the district might derive from 
dealing with it on easy terms. 

Regarding the production of milk the commitice 
says: 

We look upon the dairy as a permanent standby of 
regular consumption, because milk is always sales), 


and can be produced almost exclusively from {fa'™ 
produce. 
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The recommendations and opinions just quoied 
has been given in 


need no further comment 
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-eceding @iseussion. It may be noted that 
‘arm Committee, in submitting the report 
- Reading Council, disagreed with recom- 
tion (Ba), arguing that the buying in of 
‘ milkers after the third or fourth calf” and 
- them “out when fat and dry” is not in 

dance with “the practice of most successful 

“¢armers.” Nevertheless, the Farm Com- 

stated that it would experiment in a small 

w jong that line. 
other part of the report is worth mention- 
“he examining committee suggested tha 

» ages bill must be very carefully considered” 
ani pointed out that for the four years ending 
Ma » 31, 1908, an average of £3,430, or nearly 
si7 1, had been paid for wages, amounting to 
ab 219 an acre. When our editorial repre- 
«ive visited the farm in 1904 he was told by 
Mr. nettle that an average of 70 men and boys 
wer: employed there, running to 100 at harvest 
time. The regular weekly wage was 16 shillings, 
or S89, besides house and garden and an extra 
cas) payment of 80 shillings or $19.44 at Michael- 
mas (Sept. 29; a feast day and quarter-year rent 
day). The working hours were from 7 a. m. to 
5 p.m. in winter and from 6 a. m. to 5.30 p. m. 
in summer. There were then 23 cottages on the 
farm, forming a part of its equipment. 

The figures in the foregoing paragraph will be 
of interest to anyone who wishes to consider sew- 
age farming in connection with the municipal 
labor problem in the United States. Considering 
these figures in connection with the land areas 
involved and the farm and commercial manage- 
ment necessary in the production and sale of large 
quantities of farm and dairy produce, there re- 
sults a picture not very encouraging to the exten- 
sion of sewage farming in the United States. Our 
heavy consumption and waste of water would 
require larger per capita sewage farm areas than 
are necessary in Great Britain. This fact, to- 
gether with short hours and high wages for 
municipal labor, would raise the wages bill to a 
high figure, even if dependence could be put on 
getting a fair day’s work from men appointed 
under the party government system. The same 
party system makes very uncertain indeed the 
selection and retention of fit men for sewage farm 
managers and foremen. 

But although there seems to be no present out- 
look for ordinary sewage farming in this country 
we still believe, as we have for many years, in 
the possibilities of using sewage for irrigation in 
the arid and semi-arid West. Some progress in 
that direction has already been made and more is 
bound to follow. 

Another possibility is the utilization of sewage 
by truck gardeners in other parts of the country 
than the waterless West; chiefly, but perhaps 
not wholly, as a safeguard against occasional 
droughts. This would involve practically no in- 
crease in municipal employees or expenditures 
and might make some notable additions to mu- 
nicipal income. 

The septic tank bids fair to be a useful adjunct 
to the extension of sewage utilization on land, 
making available the plant food in the sewage 
while at the same time lessening the clogging ma- 
terials sent to the land. But its use must be at- 
tended with great care to ensure a septic effluent 
as free as possible from odors, and great pains 
must be taken, as suggested in the Reading re- 
port, to ensure so perfect a distribution of the 
sewage that there will be no ponding. 

In conclusion, we wish we might bring home to 
American municipalities the need of placing and 
keeping their sewage works, regardless of the 
method of treatment, in the hands of trained 
managers and workmen; the managers to be cho- 
sen, so far as practicable, from men trained in 
the technical schools; the workmen to be selected 
‘) the basis of general intelligence and adapta- 
bility to their tasks; and both managers and 
workmen to be retained when once they have 
“ained experience, instead of being footballs of 
varty polities. When such conditions are fulfilled 

* in the United States will be free to choose 
-ethods of sewage treatment wholly in accord- 
‘nce with their evident fitness to natural condi- 
‘ions, instead of having the managerial and labor 
vroblems the ruling factors in our choice, with 


ing 


nine chances out of ten of failure, regardless of 
system, through grossly improper operation. It 
is possible that with the best of management as- 
sured sewage farming would rarely be desirable 
in this country, but a removal of one of the chief 
obstacles to its adoption would be welcomed by 
many engineers, particularly since, besides giving 
them a greater possible range of methods to 
choose from, it would also go far towards assur- 
ing the success of any well-chosen method of sew- 
age treatment. 


LETTERS TO THE EDITOR. 


A Problem in Improving Railway Location. 


Sir: In the letter from Mr. W. W. Urquhart, in the 
Engineering News of Oct. 26th, the method of calcu- 
lating the line L P, which is the key to the problem, is 
ingenious but somewhat roundabout. 

By calculating coordinates of the points L and P from 
true or assumed bearings, and closing between them, 
the length and bearing can be found much more readily. 
This would not only reduce the work, perhaps 90%, but 
by simplifying it would reduce the chance of error. 

Respectfully, Chas. E. Bengler. 

577 Telegraph Ave., Oakland, Calif., Nov. 1, 1905. 


The Responsibility for Errors in Surveys. 


Sir: In reply to “B. S. R.,’’ of Guthrie, Okla., with 
respect to the responsibility of city engineers or county 
surveyors for errors, I would say that they are liable 
civilly for the ful! amount of loss or damage occasioned 
by their mistakes: provided, however, that the error was 
one in workmanship and not an error in determining a 
legal question of conflicting rights. 

A form for ‘‘Certificate of Survey’’ need merely state 
that the signer certifies that ne has made a survey of 
such and such premises, staking same on the ground, or 
plotting same, as the case may be. 

Yours truly, William E. Kern. 

3325 North Park Ave., Philadelphia, Nov. 11, 1905. 
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More Concerning the Record of Charles de Nevers. 


Sir: In the issue of Engineering News of Nov. 9 you 
have a short notice in the personal column concerning 
one Charles Francis alias Chas. de Nevers. It may in- 
terest you to know that in 1903 this man appeared in 
London where he obtained money on bogus checks from 
a number of persons, among whom the writer was one. 
He also then represented himself to be a M. Am. Soc. 
C. E., M. Inst. C. E., Doctor of Science, etc., and he also 
carried the badge of the Legion of Honor. In September 
of that year he was convicted on several charges and was 
sentenced to serve a term of 14 years in prison. 

Yours truly, A. Jordahl. 

Carnegie, Pa., Nov. 10, 1905. 


Some Results of Geological Survey Work in the Loca- 
tion of Underground Waters. 

Sir: In the issue of your magazine, Vol. 52, pp. 111-112, 
1904, you commented favorably on the methods of work 
of Mr. W. H. Norton on the underground waters at 
Waterloo, Iowa, and contrasted them with the divining 
rod scheme such as had been recently reported in Eng- 
land. 

It may be of interest to know that the predictions made 
by Mr. Norton, who was working under my direction 
for the Eastern Section of Hydrology, U. S. Geological 
Survey, were fulfilled almost exactly by the results ob- 
tained when the well was actually sunk. For instance, 
he estimated that the St. Peter sandstone would be en- 
countered at 835 ft.; the well actually encoyntered it at 
840 ft. The top of the Jordan sand was estimated at 
1,315 ft. and was found at 1,360 ft. The estimated head 
was 20 to 30 ft.; actual head, 20 ft. The capacity was 
estimated probably not to much exceed 200 gallons per 
minute, while the actual test of the 8-in. well showed 
200 gallons per minute. 

This is one of the numerous instances of a practical 
application of artesian principles as they are now applied 
by the Eastern Section of the Division of Hydrology, and 
I believe would be of interest to readers of your journal. 

Very truly yours, M. L. Fuller. 
Chief Eastern Section Division of Hydrology. 
Washington, D. C., Nov. 6, 1905. 


Burned and Overheated Rivets; Symptoms and Effects. 

Sir: In your issue of Nov. 9 you publish an inquiry 
which reads ‘‘Are Rivets Damaged by Overheating or 
‘Burning’,”” in answer to which a very positive Yes may 
be given. Under this heading nine distinct questions are 
put which it may be well to answer in detail. 

(1) Rivets commonly called ‘‘burnt’”’ are such as have 
been either exposed to an excessively hot fire or have 
been on the fire for too long a period of time; they are 
not frequent causes of failures because it is customary 
practice to discard them. 


(2) A rivet which is slightly pitted should certainly be 
condemned because this is. evidence of overheating and 
injury to the metal. 

(3) The signs of a rivet, not yet driven, having been 
overheated are generally found in pitting on the sur- 
face, or the dripping of steel upon removal from the fire. 

(4) After overheated rivets have been driven, rough 
and ragged or even split edges at the heads are evidence 
of overheating. 

(5) It 1s easily possible to injure the metal of a wrought- 
iron rivet by overheating in an ordinary portable 
furnace. Rivets are frequently found burnt at the end 
when heated carelessly in such furnace. As wrought-iron 
rivets contain cinder between the layers of the pile, chem- 
ical action readily takes place which deteriorates the iron 
in the rivets. 

(6) The sparks emitted by the heated rivet are fre- 
quently a sign of overheating and attest that the tem- 
perature was sufficiently high to start the metal burn- 
ing; all such rivets are injured at the burning end and 
should be rejected. 

(7) Rivets which have been reheated several times are 
likely to have been injured by long exposure to heat and 
should therefore be rejected. 

(8) The principal points to be observed in the heating 
of field rivets are that they be brought to a bright red 
heat without showing signs of dripping or sparking and 
that the head be slightly hotter than the end, and also 
that they be clean from cinder and rust. 

(9) The most common faults in heating field rivets are 
that the ends are rather hotter than the heads, and that 
they have not been raised to a sufficiently high tempera- 
ture, allowing them to cool off too much before they have 
been driven. Very respectfully, 

Gus. C. Henning. 

150 Nassau St., New York, N. Y., Nov. 10, 1905. 


A Problem ia Improving Alinement. 


Sir: I have read with great interest the communica- 
tion of Mr. W. W. Urquhart in Engineering News of Oct. 
26, giving a solution of the problem of finding a tangent 
between the two outside curves of a section of located line 
containing three curves. It may be of interest to con- 
sider the solution of the problem in another way. 

Referring to the accompanying sketch, which is lettered 
to correspond with Mr. Urquhart’s as nearly as possible, 
we have between the points C and D a section of located 
line; and, on the assumption that the alinement data are 


Diagram of Computations for Estimating Curvature. 


at hand, we may refer the direction of all tangents to 
any convenient line of zero azimuth (assumed). Probably 
the most convenient reference line would be the initial 
tangent C A, or the final tangent BD. Assume an origin 
of coordinates on this reference line, and calculate the 
coordinates of the centers L and P of the two outside 
curves. Let S T be the tangent whose position is to be 
determined, S being the new P T of the first curve, and 
T the new P C of the last curve. 

The line M P is drawn through P perpendicular to S L 
and is therefore parallel to S T. 

Assume that the calculated coordinates of L are (x, y) 
and of P (X, Y). Then the length of 


L P = v(x— X)? + (y — Y)* 

and the tangent of its azimuth is given by 
(xX — x) + (Y — y). 

Since angle M is a right angle, and M L = R — r where 
R and r are the radii of the first and last curves, respec- 
tively, we can now find angle M P L by the relation sin 
MPL=ML+LP. But, the azimuth of M P (or S T) 
= azimuth of L P + angle M P L. 

This gives us the direction of the new tangent. The 
new central angle, A, of the revised first curve is equal 
to: Azimuth of tangent T S — Azimuth of tangent AC. 
Similarly, the new central angle of the revised last curve 
is: Azimuth of B D — Azimuth of S T = Angle B. 
Knowing the central angles, A and B, the necessary data 
for the revised curves are easily figured. 

Yours truly, Robert W. Gay, 
Jun. Am. Soc. C. E. 

442 Pawnee St., South Bethlehem, Pa., Oct. 27, 1905. 
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The Relative Activity of Natural and Portland Cements. 


Sir: In order to settle a slight discussion, would you 
mind commenting on the relative time of set between 
Rosendale and Portland cement? As a young engineer, I 
contended that Rosendale is the quicker setting, as the 
text-books say, but I have been informed differently by 
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two or three engineers who are fortunate enough to be 
able to abandon their text-books and go by experience. 
Respectfully, 
“Young Engineer.”’ 

Key West, Fla., Sept. 16, 1905. 

(Knowledge of the activity of cement is so im- 
portant in engineering work that a vast number 
of test data have accumulated on the subject. 
The comparison of these data leads undeniably to 
the conclusion of the text-books that natural 
cements, as a class, are quicker setting than are 
Portland cements as a class. There are, how- 
ever, individual cements in both classes which act 
abnormally, in respect to activity, to the class as 
a whole. Thus, while the majority of natural 
cements will begin to set in 20 to 30 minutes, 
and wfll set hard in 40 to 60 minutes, there are 
some which will begin to set in 5 to 10 minutes, 
and set hard in 15 to 20 minutes; and others (a 
few of the slowest) which will not begin to set 
much short of an hour, and will be an hour and a 
half or more in setting hard. Similar variations 
are recorded by Portland cements; the majority 
will not begin to set short of two hours, but some 
of the most active will begin to ret in from 20 to 
40 minutes. A very active Portland cement may 
set much more quickly than a very slow setting 
natural cement. This, however, does not warrant 
one In classing Portland cements as more active 
than natural cements; averaging the time of set- 
ting, class by class, we find without question that 
natural cements are the more active. It is pos- 
sible so to influence by manipulation or admix- 
ture with other substances the activity of hy- 
draulic cements as either to retard or to hasten 
the time of setting. It is, therefore, assumed in 
all comparisons of the relative activity of different 
classes of cement or of different brands of cement 
of the same class that the test conditions are simi- 
jar.—Fd.) 


1 
17x28 
= 18% ins. (depth counting twice requires half the 

ratio of moments.) 


18 
Require rh or part more depth. 


For steel area; 18% ins. = 1.7 x 2 ft. = 3.4 (curve) 
= =1.3x8 ft. = 3.9 (slab) 
7.3 sq. ins. 


Example 2: Stem limited to 1 ft. wide, and 
combined width 3 ft. used out of 5 ft. panel. 
Moment 1,800,000 + 3 = 600,000 on curve gives 22 ins. 
depth, or 27 ins. for 5-in. slab. 


Try depth 24 ins., curve = 700,000 x 1 ft. = ee 
5-in. slab = 525,000 x 2 ft. = 1,050,000 


[1,800,000 Reqd.} 1,750,000 
241/51 
uir — —+ = —— part more = ns. 
175 175x2 70 


Steel 24% ins. == x x1= 2.3 
(5-in. slab) = 1. 
5.58 sq. ins. 

Diagrams may be drawn for other constants in a simi- 
lar manner; the simplest being for: Neutral axis = 
0.5h, triangular stress area, tangent point at h = 2 t, 
lower line on the tangent itself, arm °/, h; drawing an 
average line a little higher, or two lines if preferred be- 
yond 3 t. Steel area at curve = .1 h. 

The rule .for taking depth varying as one-half the 
error of moment, is exact for stem, but only partly true 
for slab part, hence for great accuracy calculation may 
be repeated with new depth. 

Cc. Young. 

1706 Oregon Ave., Washington, D. C., Oct. 12, 1905. 
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Locating a Lost Section Corner Again. 


Sir: In your issue of Nov. 2d I note ‘‘Panhandle’s”’ crit- 
icism of my letter which appeared in your issue of Oc- 
tober 12, and I must say that I do not agree with him 
on some points. He is perfectly correct when he says 
that, as the recorded government distances are incon- 
sistent, the numerical values given in my letter for the 


A Diagram for T-Beams of Reinforced Concrete, 
The diagram shown herewith is believed to be new as sy’ 
regards the slab lines, and Is sufficiently correct for most 1400000 a0 
practical purposes. The neutral axis is put at .4h from 5 q 
top, h being the depth from top surface to (single) rein- = LY 
forcement. The stress area taken as partly parabolic, 1300 000 4% 
is 7/, that of a triangle, on account of EB, varying 50% ££ Y, ‘ee 
between neutral axis and outside fiber. Rectangular aS YS 
beams, or stems of T-beams, are found on the parabolic \200 ‘ 40” 
curve per foot width of b, and the slab part of T-beams + vend / "4 53 
on the lines marked with slab thickness per foot width iS ‘. y ae = 
of (B—b). The areas of steel, also per foot width, are “~ Z o* 
given by the radiating lines. 1100000 “4 4 
The slab lines are laid off from the tangent to para- 4? 5 
bola, beginning on tangent point at h —-2% t, and fall- ° ee: 
t 000000 ALE 4 \ 
ing 4% below tangent ath =5t. At 2% t (= —) the £ Yr |q@* 
4 Ws 4 
bottom of slab reaches neutral axis, as in a beam. , eg NA LA Pig 
The lines are stopped at 5 t, because thinner slabs re- £ y, AA Rte oe 
quire calculations for shear, and because the two values 
diverge too much beyond; but may be ranged out farther 
if desired. "a 
Example 1: Span 20 ft., total load 600 Ibs. per sq. ft., ALK 1 ye 
beams spaced 5 ft., slab 4 ins. thick. Total moment = LT s 
600 Oat 1.95 
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joo 500000 AZ \\ fe] 
7 
4 ans | On 
slab ot hast = 22050|¢* 
— 
30000 1-418 a= .ovsh at » 
bl 
~J 


“2.3 45 67 9 (2 13 14 15 16 1718 19 2021 22 23 94 25 26 27 28 2930 31 32333455 =h 


MOMENT CAPACITY OF T-BEAMS OF REINFORC ED CONCRETE.—C. E. YOUNG. 
Bending Moments in Inch-Pounds per Foot of Width, andSteel Area in Square Inches per Foot of Width. 


600 x 5 x 20% x 12 + 8) = 1,800,000 inch-pounds. In 

diagram, for /; M = 360,000, a beam requires 17 ins. 

depth; a 4-in. slab 20 ins.; try 18 ins. 

18 ins. on curve = 400,000 x (say) 2 ft. = 800,000 
4-in. slab = 300,000 x (G6—2) 3 ft. = 900,000 


[1,800,000 Reqd.] 


1,700,000 


location of the required section corner from the inter- 
section of the random meridian and parallel will not 
necessarily be the corner sought, as the distances O,’E 
and 0,’G, or one of them, may easily be in error. In the 
present case, if the south corner and the distance 80 
chains from it are used, there will be found two points 


20. 
about 19 ft. north of the random Parallel, ; i 
is about 52 ft. east of the random meri; — 
other about 8 ft. west of it; if the nor, —— 
the distance 80 chains from it are used. ; i 
found two other points about 550 ft. south < " 
parallel, one of which is about 8 ft. west 9: — 
meridian and the other about 52 ft. east o; ae 
, repre. 
i\ 
i\ 
la’ 
Ww 
~ | 
~_ 
= 1 
| \ 
Wt 
it 
& 


sented in the accompanying figure, which has | 
what distorted to avoid confusion. 

In looking over the data submitted by your cor Spond- 
ent in your issue of Sept. 21, the writer recognizeq at 
once that the data were inconsistent, but on account 
of the fact that they gave possible locations almost ey 
ft. apart, corresponding to an impossible error of about 
one in eight, and as the offset at the north corner was 
over 900 ft., he immediately came to the conclusion that 
the data were assumed. On this basis he worked out 
and presented the best possible method of locating the 
lost corner from two known corners. The other three 
corners, Oe’, Os’, and 0,4’, can be located in precisely the 
same way by applying the same method, slightly aj. 
tered, to each successive pair of corners, such as N’ and 
E, W’ and N’, S and W’. Which corner is the correct 
one is a matter for the surveyor to decide. 

The ‘‘Manual of- Surveying Instructions,’ published by 
the Department of the Interior, calls for an accuracy 
corresponding to an error of not more than 1 in 1 for 
the error of closure, which, in a mile, is approximately 
83 ft. more or less than 5280 ft. Now, assuming that the 
original work had been done on this basis, it is easy to 
see that the actual location of the desired corner would 
lie within a radius of about 33 ft. from any one of the 
four points found. As a matter of fact, if any trace 
of the original corner remained such trace could be found 
very readily by carefully examining the ground imme- 
diately surrounding any one of the points located, as 
described in my letter of Sept. 21. When the discrep- 
ancy is as large as in the case under discussion the sur- 
veyor must be governed by local conditions. In such 
a case it would be reasonable for him to assume that 
one of the outside corners had been incorrectly located, 
such as the north corner, 941 ft. from the random line, 
or that one of the distances had been measured or re- 
corded incorrectly. His duty then is to find out which 
corner is located incorrectly, or which distance is incor- 
rect; for this purpose he should procure, if possible, all 
the old notes relating to the original survey and retrace 
them on the ground. 

One of the best methods seems to be to follow the 
government’ instructions for the original location of the 
sectional lines, as the surveyor is then more likely to 
follow up the original lines than in any other way. On 
this subject the Manual of Surveying Instructions, Ar- 
ticle 135 et seq., says: 

The exterior boundaries of a full township having been 
properly established so far as possible, the subdivision 
thereof will be made as follows: 

At or near the southeast corner of the township, 4 
true meridian will be determined by Polaris or solar ob- 
servations ; then from said corner the first mile 
of the east and south boundaries will be retraced 

The meridianal sectional lines will be made parallel 
to the range line or east boundary of the townsiip by 
applying to the bearing of the latter a small correction 
dependent on the latitude . 

- . the deputy will commence ‘at. the corner to 
sections 35 and 36 on the south boundary, and Oe 1 a line 
parallel to the range line, establishing at 40 chains the 
quarter section corner between 35 and 36, and at 80 
chains the corner for sections 25, 26, 35 and 36 


The method of operation outlined above is repeat) for 


some- 


each successive range of sections progressing to the west; 
it is not necessary to complete the survey of one range 
before that farther west can be surveyed, the sur y ©@° 
be started at any corner on the south boundary of the 
township, care being taken that the meridiana! «» tional 
line has the proper bearing for that range. Fo owing 
this line of reasoning to its ultimate conclusion ‘t '§ 
possible for the surveyor to replace any lost sec! 00 Cor 


ner by going to the next corner south on the same 
range line, determining the meridian by Polaris ©: solar 
observation, and then, corecting the bearing ©) that 
his line will be parallel to the range line or eas! Doun- 
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Is 


ing to solve this problem 
by means of the angle be- 
tween the random lines and 
in disregarding the through 
measurements. Mr. Ander- 
son's sketch shows that he 
understands the problem, 
which is simply one of 
erecting perpendiculars at 
such points on the random 
lines that the distances 
tim from the point of intersec- 
tion of these perpendiculars 


a 


Fig.1. 


dary of the township, proceeding 80 chains north of the 
known corner to a point which, if the records are cor- 
ret the known corner properly located, and the work 
correctly done, will be the point desired. If by continuing 
the survey to the next corners north, east, and west in 
order to establish the lost section lines, it is found 
that the point located above is not consistent with other 
dimensions, the surveyor must rely on his own judgment 
and local evidence as far as possible. 

On this latter point the Department of the Interior, in 
its Manual of 1902, takes the following stand: 

The General Land Office assumes no control or direc- 
tion over the acts of local or county surveyors in the re- 
establisument of extinct corners of original surveys, nor 
will it issue to them instructions in such cases. It fol- 
lows the general rule that disputes, arising from uncer- 
tain or erroneous location of corners, originally estab- 
lished, by the United States Government, are to be settled 
by the proper local authorities, or by amicable adjust- 
ment; and to aid in this result it furnishes a circular 
pamphlet which the office desires to be considered as 
merely advisory and explanatory of the principles which 
should prevail in performing such duties. 


The circular mentioned above is entitled ‘Restoration 
of Lost and Obliterated Corners, and Subdivision of Sec- 
tions,’ and is dated March 14, 1901. The writer advises 
any one who has anything to do with this class of work 
to procure a copy of the Manual of 1902, referred to 
above, and also a copy of the circular, as they will be 
found of inestimable value.. 

It may be well at this point to comment on ‘‘Pan- 
handle’s’” statement that ‘“‘Public land surveying is not 
an exact science, but consists of a set of arbitrary 
rules preseribed by the United States Land Office.’’ It is 
my opinion that public land surveying is as near an 
exact science as it can be made without making the 
expense of the same prohibitive. Guide meridians are 
run by observations on Polaris or solar observations, 
standard parallels are corrected for curvature. The only 
part of the work that is arbitrary consists of thedistances 
between guide meridians, and standard parallels. These 
distances have been chosen arbitrarily as 24 miles; the 
sizes of townships and sections have also been chosen 
arbitrarily, as approximately six and one mile square re- 
spectively. 

The idea that public land surveying, and in a great 
many cases, private surveying is not an exact science 
has given rise in the past to a feeling that ‘‘everything 
goes’’; this has been the cause of a great deal of mis- 
takes and inaccurate work that could have been avoided 
and accurately done had the importance been realized. 
As a result a great part of the work that was done 
by our ancestors one or two generations ago is now being 
done over again, and it is safe to say that some of the 
work that is being done to-day will require to be done 
over again one or two generations hence, 

Every surveyor should exert himself to attain as high 
a degree of accuracy as is practicable and consistent 
with economy and speed. Local considerations will of 
course govern in all cases. It is as absurd for a public 
land surveyor to attempt to attain an accuracy of 1 in 
5,00) in the survey of a worthless tract of land as it is 
for a surveyor to be satisfied with an accuracy of 1 in 160 
in New York City. 

1519 Pine St., 

Scranton, Pa., Nov. 6, 1605. 
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Sir: If Chas. E. Smith and Antonio Llano will remem- 
ber that the U. 8. Government provides that in reestab- 
lishing lost section corners such corners shall be placed 
at such distances from known corners that the established 
distances will bear the same ratio to the original Gov- 
eroment distances as the total measured distances be- 
‘ween known corners bears to the original Government 
distances between the same corners, I am sure that they 
will modify their solutions of Mr. Anderson’s problem 
‘n surveying which they gtve in Engineering News of 
Oct. 12. Mr. Smith will find that Mr. Anderson was not 
“rong in showing his reestablished corner south of the 
random parallel and Mr. Llano will be obliged to retract 
his criticism of Mr. Anderson for measuring through 
to the next known corners and noting the errors in 
closing. Both Mr. Smith and Mr. Llano err in attempt- 


Charles E. Smith. 
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Fig,. 


wh, 
lee be proportional to the origi- 
nal Government distances 
‘\ to the same corners. How- 
ever, the problem proposed 
by Mr. Anderson is un- 
usual inasmuch as the de- 
‘ sired section corner falls so 
far out of straight lines between the opposite known cor- 
ners. This requires trial calculations to determine from the 
random distances what the measured distances between 
the known corners would be if the randoms followed 
the lines of the original survey. If called upon to re- 
establish this corner, I would place it 4.00 chs. south 
and 15 Iks. east of the intersection of the randoms. 
Yours truly, F. A. Steiger. 
Vacaville, Solano Co., Cal., Nov. 6, 1905. 
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The Design of Retaining Wallis. 


Sir: Commenting on the article in your issue of Aug. 
17 by Mr. H. P, Boardman, cn ‘Retaining Walls,” I beg 
to call attention to what seem to me incorrect assump- 
tions made by the author in his theoretical treatment of 
the problem, namely, (1) That the wall rests on an un- 
yielding base, and (2) That moments be taken about the 
toe of the wall. This latter assumption is made also by 
some well known authorities, notably, Trautwine in his 
Handbook, and Baker in his Masonry Construction, 
though neither of these authors uses the moment so found 
in the actual designing of the wall, but rather as a test 
of ite stability. The second assumption is made also, I 
notice, by Mr. C. F. Graff in an article appearing in Ha- 
gineering News on March 9, 1905, giving the methods 
employed in designing a reinforced concrete wall for the 
Great Northern R. R. at Seattle, Wash. 

Asa matter of fact the ‘‘unyielding base’ does not exist, 
excepting approximately in the case of awall built on solid 
rock; and in very few cases woul! it be proper to take 
moments about the toe of a wall as ordinarily built, for 
the reason that this assumes the point of stone repre- 
senting the toe to be sufficiently strong against crushing 
to bear the entire weight of 


determining the intensity and distribution of the forces 
acting upon the wall, and (B) designing the wall section 


to resist these forces. 


The former, (A), requires the ex- 


ercise of judgment baged on experience and experimenting, 
coupled with a study of the conditions, actual and possible, 
that are known to exist or that may exist during the life 
of the wall, and varying from the clearly defined “liquid 
pressure’ of dams to the uncertain and variable pressure 


coming upcn the ordinary retaining wall. 


The latter, 


(B), consists simply in applying the ordinary principles 
of designing, namely, determining the resulting internal 
stresses and placing the materials so ag to resist same in 


the most economical manner. 


The section of wall as 


finally adopted would naturally be a resultant of local re- 
quirements (such as, for example, the ordinary condition 
that the exposed face De vertical), and of the forces act- 
ing thereon, taking into account the nature of the ma- 
terials to be used in construction and for backing, etc. 
Assuming, for sake of comparison, the same gection as 
that taken by Mr. Boardman in making his calculations; 
assuming also the same external forces, namely, ‘‘liquid 
pressure’ for a substance weighing w, = 50 lbs. per 
cu. ft., acting horizontally, and a etability load consisting 
of the wall weighing we = 150 lbs. per cu. ft., acting ver- 
tically, the stresses that will develop in any joint may be 
analyzed as follows, taking the length of wall ag one foot: 
Dividing, for the sake of simplicity, the reactions pro- 


duced by the different forces, there will result, 


(a) For the load W (see Fig. 1), a uniformly dls- 
tributed pressure on the joint A—C expresged by the equa- 


tion, 


pressed 


2+b 
2b 


(b) For the horizontal force P (see Fig. 2), a horizontal 
force R acting in the plane of A—C and of amount ex- 


by the equation, 
w,h? 


2 


together with a couple of distributed forces acting per- 
pendicular to the joint A—C and varying in intensity from 
zero at the center B uniformly to a maximum of pz, at A ha 
and C, upward on one side and downward on the other 


as indic 


sated in the sketch. 


The amount of unit pressure» 


P2 is determined by taking moments of all external forces 
about B, the center of gravity of the base, and equating 
thereto the moment of resistance of the section A—C. 
Letting M, = moment of external forces about B, and 
M, = moment of internal resistance of joint 


about B, 


then will M, ——— = 
3 


and 


the wall, plus some additional P 2 


pressure due to the lateral 
thrust. Moreover, even if the 
base below were unyielding, 
and both toe and its support 
below strong enough to bear 
this concentrated load with- 
out crushing, it is likely that 
the internal stresses so de- 
veloped would break up the 
monolithic condition of the 
masonry involved in this as- 
sumption, before the wall could 
be tilted sufficiently to throw 
all the load on the toe. 


The wall proper could, of 
course, be designed to meet 
these assumptions; the former 3 
by providing a toe of sufficient 
strength to receive this con- 
centrated load, with a corre- 
sponding support below, and 
the latter by providing a bond 
in the masonry sufficient to re- 
sist the distortion mentioned; 
but now the critica] point has 
only been transferred further 
down, to the joint between the 
wall and the earth below. 

Neither the upper nor the 
lower surface of the joint, be 
it. between courses of the 
masonry or between the mason- y 
ry and the earth below, is un- - 


Weight of Masonry (KX iacluded) 


Js 


yielding in the sense used in 
this connection, and the re- 
actions produced by the ex- 
ternal forces are not concen- 
trated at any one point, but 
rather are distributed over 
the joint, uniformly in the 
case of a wall acted upon by a single centrally applied 
force as of its own weight, and of varying intensity under 
all other conditions of loading. 

The designing of a wall to resist by gravity horizontal 
thrust of any kind, may be divided into two parts, (A) 
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Equating these values of M, and M,7 and solving for ps 
there follows, 


Haviog thus derived all the formulas for ihe reactions 
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necessary for equilibrium regardless of the construction 
used, it is now necessary to meet the conditions required 
by the nature of the construction adopted, which are as 
follows: 

1. For any joint in ordinary masonry, and for the joint 
between wall and foundation below in any type of com 


‘ 
: 
N 
46 
| 
Li 
Fig. 4. 


struction, no tension is allowable at the point ©. This 
eondition is met by the following, 
Pa — Pa O (4) 

2. To prevent crushing at the toe A, the total unit 
pressure here shall not exceed the allowable unit pres- 
sure on the joint, which let us call po. This condition will 
be met by the following, 

8. To prevent the wall from sliding bodily forward, it is 
necessary that the force R shall not exceed the total fric- 
tion developed in the joint A—C by the pressure normal to 
same. This is met by the following, 

R = Pi b 
Where f, is the coefficient of friction for the masonry on 
the surface below the joint. 

By inserting in equations (4), (5) and (6) the proper 
values of p;, Pz, and R given in equations (1), (2) and (3) 
above, there will be found three distinct values of the 
width b in terms of the height h corresponding to these 
three conditions; by adopting the largest value obtained 
for b, all of these conditions will have been met. Or- 
dinarily the firet condition, as expressed in equation (4), 
will govern for all joints of a masonry wall excepting that 
between the wall and the earth below, for which all three 
conditions should be investigated and the footing course 
spread if necessary. 

Solving equation (4) for the case at hand, I have tabu- 
lated below the values of b for different heights h, to- 
gether with the corresponding values given by Mr. Board- 


Boardman. Worthington. 

h, ft. b, ft. bh b, ft. b/h Difference. 

1.56 .812 8.2 105% greater, 
10... 3.82 72 7116 
| 6.14 409 11.3 -752 84% 
20 8.46 423 15.3 .765 81% “ 
10.81 432 19.4 -775 79% 
80 13.17 439 23.5 -785 738° 

a5 15.50 443 27.6 790 78% ne 
40 17.85 446 81.7 78% 


It will be seen that the values of b and b/h ae deter- 
mined by the method described above are very much larger 
than those given by Mr. Boardman for the same loading. 
The conditions that he has assumed for the loading ap- 
proximate closely those of a dam, and are much more 
severe than wouli ordinarily exist in the case of a retain- 
ing wall if proper provision is made to prevent the ac- 
cumulation of water back of it. 

Following up the subject I am presenting below a 
general solution of the problem which appears to me 
rational and reasonable, and without any hair-splitting 
refinements that are generally conceded to be out of place 
when applied to a retaining wall. ; 

Dividing the problem as suggested above, I first as- 
sume for the earth pressure a force determined by the 
Rankine formula for the pressure of loose earth against 
a vertical plane. This seems to me the most rational 
of all the various methods for determining the proper 
thrust of the earth against the wall. By this method the 
horizontal thrust on a vertical plane where top 
surtace of earth is horizontal is assumed to vary 
in intensity directly with the depth h, the weight of the 


i—sin¢g 
earth and the value ot ( ). @ being the angle of 
l1+sng 
Fypose for the earth in question. This condition of loading 


may not always exist, may in any particular case never 
exist, but it represents pretty fairly the maximum thrust, 
and therefore the condition which the wall should be 
constructed to safely resist or else be in constant risk of 
failure. 

In Fig. 3 is shown a typical section of retaining wall 
together with the amount and distribution of all forces 
acting thereon. Assuming that all dimensions given are 
in feet, weights and forces in pounds, and that all loads, 
ete., are for a unit length of wall. Also letting, 

@ = Angle of repose of earth backing. 

f = tan ¢ = Coefficient of internal friction of the earth 
backing. 

w, = Weight per cu. ft. of earth backing — 80 

Ws = Weight per cu. ft. of wall — 140. 

M, =: Moment of external forces about B, the center of 
gravity of joint A—C. 

M, =: Moment of resistance of the joint A—C about same 
point B. 

The assumed external forces are then as follows: 

(a) The weight of wall W (including for ease in calcu- 
lations the small triangular section X) acting downward. 

(b) The weight X, to be deducted and therefore taken 
as acting upward. 

(c) The horizontal force P, being the resultant horizon- 
tal earth pressure as determined by the Rankine formula, 


‘distributed as indicated at the right of the figure (or iu 


any case the horizontal component of the thrust). 

(d) The weight V of the triangle of earth resting di- 
rectly on the inclined back of the wall. 

(e) Finally the force F acting downward and repre- 
senting the earth friction along the vertical plane C—F. 
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This last force F, though generally neglected, is a real 
one produced by and coexistent with the horizontal thrust 
P, varying also directly with it. It represents the weight 
of that body of the backing, indeterminate in amount, 
which the pressure of the particles horizontally so com- 
pacts against the triangular body of backing resting di- 
rectly on top of the wall, that it practically forms part 
of same, the horizontal pressure tending to hold this body 
of backing and that represented by V in place against 
the wall just as cohesion holds together the particles 
of stone in the wall itself. Looked at from an- 
other view point, suppose the earth backing to be grad- 
ually removed from the wall, having first substituted for 
the horizontal pressure of the particles of earth an im- 
aginary force properly distributed: there will cling 
to the plane C—F a triangular shaped body of earth about 
as outlined at C—F—G, held in place by the friction in- 
duced between the particles of material by the pressure P. 
The weight of the material thus overhanging will 
be the product of the torce P by the coefficient of 
friction f of the material upon itself, or fP. It is evident 
that if the force P be removed, the material will drop 
away, but while the force P is existent there is alwaye 
a downward force representing the weight of this over- 
hanging body of earth, tending to increase the stability 
of the wall as though this overlianging earth were a part 
of the wall itself. The exact amount and point of ap- 
plication of this force is indeterminate, but I have used 
the amount fP and assumed it to be applied along the 
plane C—F or at the minimum distance out from B. 
With these external forces acting upon the structure, 
conditions of equilibrium at any joint A—C require: 
(1) That the sum of horizontal forces shall be zero. 
(2) That the sum of vertical forces shall be zero. 
(3) That the sum of moments about any point shall be 
zero. 
To facilitate after-consideration, the stresses or reactions 
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in the joint will be analyzed tn accordance w: —— 
known principle of mechanics that for a gro. : well 
in the same plane there may be substituted a: forces 
a single force and a couple, all forces pe Polnt 


resolved into their horizontal and vertica) oo: — 
The above conditions of equilibrium may », ris 
pressed by the following formulas, moments 


about B, the center of gravity of the joint A—> oe 
w, h? /1 — si 
a) 
2 \14+sing 
(2) 
from which follows: 
w, bh 2w,h wh 
— (b-—2 
2(b—2) bi(b—2) 2b 
tw, h? /1—sing 
2b 
Wb 
(83) M,=——and M, — +— — 
2 


6 2 
from which follows by equating M, and M, : 


w, h3 /1 — sin *) w, bh 12 87 

vot \i¢sing/ 20-2) \ 
wh 1.5 tw, h? 71 — sin 

(b ) + 4) ( 


1+ sin ¢ J 


These formulas representing the relations exi«\!-- pe. 
tween the forces and corresponding reactions at th» joint 
A-—C required for equilibrium, the conditions ; red 
by the nature of the construction are the same as ¢ yen 
above in criticizing Mr. Boardman’s method of desi), ang 
are expressed by the same equations (4), (5) and (“) there 
given. 

Assuming now that A—C is the bottom joint of to wall 
proper, just above the foundation course, it wil! be of in- 
terest to observe the actual thickness of wall require’ by 
the first and generally the governing condition, namely, 
that no tension shall exist at point C. Substituting in 
Eq. (4) the values of p, and pz given in Eq. (8) and (9); 
substituting also for wy, and we, their values as given 
above, there follows: 


80 h? 40 


—— (b—2 
120 th /1 —sin¢ 
(b + 4)— ( oa 
1+sing 
280 40 40 th /1—sing 
—— (b— 2) — (4a) 
b(b — 2) b b 1+ sing 


Assuming now for the angle of repose ¢ such value as 
may be dictated by the designer’s judgment and experi- 
ence to approximate the conditions existing in the case at 
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hand, and substituting same in Eq. (4a), the value of > 
and h in terms of each other may be easily determine’. 

In Fig. 4 are shown graphically, and in the table beowW 
by figures, the values of the base b for varying be'<5‘s 
h as determined by this equation, the condition of ba: :0é 
being assumed to approximate, for Case 1, “loose 
where ¢ is taken at 30°, and for 


Case 2, “damp 
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where @ is taken at 45 °; also the corresponding data of 
the Pennsylvania R. R. design where the base is deter- 
by the following formulas: b 1/3h+8, for 
ces of h up to 18 ft,, and b = 2/3 h —3, for values of bh 
»-oater than 18 ft. In this table h and b are given in feet, 
the toe pressure, Pit Dz, is given in pounds per 


square foot. 
Case 1, ¢ = 30° Case 2,¢ = 45° P.R.R 
b -ph 
b bh PptPs b bh 
3.0 .875 2.410 2.3 .288 2.500 6.7 .712 
4.7 8. 3.0 .250 3.780 7.0 .588 
18 6.4 .400 4.440 4.1 .256 4.840 8.8 .520 
90 8.1 5.460 5.3 .265 5.890 10.3 .515 
34 98 6.480 6.4 .267 6.960 13.0 .64] 
9x 11.5 .410 7.500 7.6 .272 8.030 15.7 .561 
3: 13.1 .410 8.520 8.7 .272 9.100 18.3 .571 
36 148 410 9.540 9.8 .27310.170 21.0 .582 
40 16.5 .41810.560 11.0 .27511.240 23.7 .592 
50 20.7 .41418.150 13.8 .27613.940 30.8 .606 


pxamination of Fig. 4 will show that if the base b is 
determined as indicated by this method, and the back of 
wai) made to conform to the straight line, as shown In 
Fig. 3, then all intermediate joints will be somewhat wider 
than necessary to fulfill the condition that no tension 
shall exist at the inner edge. For a high wall of any 
great length, it might be worth while to take this into 
account, calculating the values of b for several intermedi- 
ate joints. 

The back of the wall should always be stepped, about as 
shown in Fig. 3, and not left smooth, for this would tend 
to reduce the force F. If the wall were made rectangu- 
lar, built up on the line C—F, the value of f to be used 
in determining the value of F should be, not that for 
“earth on earth” as here used, but the coefficient of fric- 
tion of “earth on masonry” which is much less. 

Taking now an example to show the effect of varying 
the thrust, Fig. 6 is cross-section of a wall 32 ft. high 
with all loadg noted in place, the thrust being determined 
for the condition of ‘loose earth’’ where @ is taken at 30° 
as in Case I above. Below the cross-section of wall are 
shown the reactions resulting from these forces at joints 
A—C, between the wall and its footing course, and A’—C’, 
between the footing course and the foundation bed below. 

For the joint A—C, which is typical of any horizontal 
joint in the wall, there is a distributed force varying uni- 
formly from 8,670 Ibs. compression at the toe A to 150 
ibs. tension at the heel C; and a horizontal force of 13,- 
600 Ibs, distributed over the joint. Considering these 
forces and assuming the wall to be built of concrete or 
masonry of the class ordinarily used in building retaining 
walls, the toe pressure is equivalent to a pressure of 60 
Ibs. per sq. in., whereas it could safely be from 300 to 500 
ibs. per sq. in.; the heel pressure is approximately noth- 
ing, which conforms to the requirement that no tension 
be allowed at any part of a masonry joint; the horizontal 
force of 13,600 lbs. is resisted by the friction between the 
wall above and that below the joint, aided by the mortar. 
This resistance is much greater than the force R (that of 
friction alone, assuming that there were no mortar in 
the joint and that the coefficient of friction of dry ma- 
sonry on dry masonry be 0.7, amounts to 38,850 lbs.), 
and need not be considered further. 

For the joint A’—C’, between the wall and the founda- 
tion bed below, the reactions are similar. The vertical 
distributed force varies from 7,100 lbs. (or 3.55 tons) per 
sq. ft, compression at the toe A’, to 680 lbs. compression 
at the heel C’; the former being about right for the al- 
lowable pressure on a first-class earth foundation, and 
the latter being about right to meet the condition that 
there be no tension in the joint. The horizontal force R 
of 13,600 lbs. is resisted by the friction between the wall 
and the foundation bed below; taking the coefficient of 
friction between the wall and earth at 0.4 the frictional 
resistance that covld be counted on to resist the force R 
would be 24,810 Ibs. or 82% more than necessary. 

Thus it appears that for this design the governing con- 
ditions are that there be no tension at the heel for any 
joint and that the pressure at the toe of the foundation 
course be kept within the limits allowed on the ground 
supporting same. It will be noted also, that to fulfil 
these conditions the material used in construction of the 
wall is strained in compression and shear to a very small 
part of its allowable stress, and, moreover, the weight of 
wall acts with the horizontal thrust to increase the mo- 
ment about B’ and consequently the toe pressure on 
foundation bed, 

To determine now the effect of increasing the earth 
pressure, I have shown in Fig. 6 the outline of this same 
wali with the same forces acting thereon excepting P and 
F which are doubled. Below the cross section of wall 
are shown as in Fig. 5 the resulting reactions at joints 
A—C and A’—C’ necessary for equilibrium. 

As the force P of Fig. 5 increases, the toe pressure at 
each joint increases while at the heel the pressure is 
reduced ,and as there can be no tension across the joint, 
the heel lifts up and a readjustment takes place, shifting 
the compressed area of base over towards the toe until 
finally with the forces indicated in Fig, 6 the joint A—C 
‘'s compressed for a distance of 4.6 ft. and A’—C’ 6.2 ft. 
from the \oes A and A’, respectively. For the joint A—O 
the toe pressure ig 27,200 Ibs. per sq. ft. or 189 Ibs, per 
8q. in., and for joint A’—C’ the toe pressure is 22,400 Ibs. 
or 11.2 tons per sq. ft. These reactions are determined as 
before, py by taking moments about the new centers of 


gravity of base B, and B,’, and p, by dividing the sum of 
all vertical loads by the area of the new bases A—C, and 
A’—C,’, respectively, for the two joints, 

The reaction R of 27,200 Ibs. at A’—C’ is again resisted 
by the frictional resistance of the wall against sliding 
on the foundation below. Using the same coefficient of 
friction, 0.4, as before this resistance will amount to 
27,950 lbs. or about 3% more than necessary, though as a 
matter of fact, for a foundation bed that would withstand 
& pressure of 11.2 tons per sq. ft. as required by the toe 
pressure, the coefficient of friction would be much 
greater than the 0.4 used here. 

Examining these reactions then it appears that for a 
foundation bed of earth, the governing condition under 
the loads shown in Fig. 6 will be the pressure on the 
earth at the toe C’ of the wall; if 11.2 tons per sq. ft. 
be allowable, then the wall is still safe and might be 
said to have a factor of safety of 2 over the con- 
dition of loading shown in Fig. 5. 

If the horizontal thrust be now increased so as to shift 
the bearing area of the joint A—C over to within a foot 
of the toe A, the toe presture at A will approximate 1,000 
Ibs. per sq. in. and would probably crush the masonry it- 
self here. Thus, even if the wall were built on solid 
rock so as to eliminate the conditions at the joint A’—C’, 
it would not be proper to determine its efficiency by as- 
suming it to revolve about its toe or even a point 6 ins, 
in from the toe, a 

The above analysis would indicate that a wall built as 
shown in Fig. 5, which probably represents the average 
practice, would be quite safe provided the foundation be 
capable of resisting safely the developed toe pressure 
of 3% tons per sq. ft. And if it were desired to increase 
the efficiency of the wall, efforts should be directed 
towards increasing, by driving of piles or otherwise, this 
allowable toe pressure, 

The same general method as outlined above can be used 
in designing reinforced concrete walls, and in fact any 
structure of this nature. 

The method proposed by Baker in his Masonry Con- 
struction (Article 545), where, after discussing at length 
the various theories of retaining walls, he sums up by 
suggesting that because something must be assumed it is 
better to assume the thickness of wall at the outset thas 
to make a rational assumption as to the forces and then 
evolve a structure to meet the conditions of loading, ap- 
pears to me very unscientific, and_certainly one that will 
not be satisfactory when applied to retaining walls other 
than of solid masonry. Yours very truly, 

Chas. Worthington. 

134 West 70th St., New York, Aug. 19, 1905. 
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Sir: In your issue of Aug. 17 the question of strength 
of retaining walls is taken up by Mr. H. P. Board- 
man. Now, th» very paper referred to therein, viz.: 
“The Actual Lateral Pressure of Earthwork,” by Sir 
Benjamin Baker, printed in book form from minutes 
o2 the Institution of C. E., of Great Britain, shows the 
very great divergence of opinion on the subject among 
engineers. The date of the discussion is, however, 24 
years ago, and while it is perfectly true, as Mr. Board- 
man states, that the reports on the behavior of retaining 
walls of various types on nine miles in one case, and 34 
miles in another, is interesting, it must be admitted that 
it is not really very instructive, from the fact that it 
mainly treats of masonry walls, and it is generally ad- 
mitted at the present time that concrete is the proper 
material for present needs. 

Sir Benjamin Baker, towards the latter part of his paper 
mettions the use of concrete, and commends it, and on 
page 109 says, ‘“‘he has used it in many varieties of struc- 
tures as long back as fifteen years ago,’’ and farther re- 
marks that ‘‘nothing but blasting would separate counter- 
forts from a good concrete wall and the non-use of 
counterforts requires reconsideration in these days of 
cheap, strong and easily molded corcrete. These state- 
ments are truly interesting since the use of counterforts 
and the use of concrete are both commended. Trautwine 
(see page 692) says of counterforts: ‘‘We conceive them 
to be little better than a waste of masonry, when a wall 
of this kind fails it almost invariably separates from its 
counterforts, to which it is connected merely by the 
adhesion of the mortar, and to a slight extent by the 
bonding of the masonry. Now if Trautwine had stated 
that counterforts are useful only when the connection 
to the main part of the wall is of such strength as to 
develop the inertia and friction of the counterfort, then 
it would not be an out-of-date assertion, but would fit 
into modern practice. 

Baker mentions Rankine’s assertion to the effect that 
horizontal ledges on the inside of a wall are “as good 
as masonry” only to deny that it is so, his denial being 
based upon the discovery in one instance of such a wall, 
where the earth filling had arched so as not to bear 
against the horizontal ledge. Neither Baker nor Traut- 
wine take up the question of the friction of the filling 
upon the sides of the counterfort although Baker says 
something in an off-hand way about “the binding of the 
ballast between the counterforts” (see Baker, p. 26), and 
at the same time he admits that in one instance the 
bulging of the wall was 2% ins. in the 10-ft. panels, and 


but 1% ins. at the counterforts. It might be possible to 
make a mathematical examination of this case to dis- 
over the excess inertia in the counterforts due to ex- 
cess weight and friction, but Baker's own statement 
shows they were doing a great deal. 


Again on p. 110 Baker says ‘‘Portland cement concrete 
being thus possessed of such great tenacity there is no 
risk of counterforts separating from the body of the 
wall,”’ “but it by no means follows that there would be 
any advantage in using them in other than exceptional 
cases,"’ and on p. 111 he continues, ‘‘It follows, therefore, 
that under the stated conditions the adoption of a 
counterforted wall would lead to no economy in material, 
while it would involve additional labor in construction.” 

The experiments of Lieutenant Hope mentioned by 
Baker, when tests were made with dried peas for backing 
and wooden blocks for masonry, and the investigations of 
Mr. Jamieson on pressures in wheat bins mentioned by 
Mr. Boardman, do not help out in the solution of the 
problem in any degree. On p. 117 Baker says ‘“‘the use 
of the numerous published tables giving the calculated 
required thicknesses of retaining walls to three places of 
decimals, stand really on exactly the same scientific 
basis, and have the same practical value, as the weather 
forecasts for the year in Old Moore's Almanac,” and 
again he says, “If an engineer has not had some failures 
with retaining walls, it is merely evidence that his prac- 
tice has not been sufficiently extensive, for the attempt to 
guard against every contingency would lead to ruinous 
and unjustifiable extravagance.’’ 

This latter quotation will be a balm to those engineers 
who have made mistakes, for with such an axiom as a 
guide, it will ba a difficult matter for any corporation 
to determife whether the failure be due to commendable 
economy, or to bad judgment on the part of the engineer. 
The rule that would attach to this, however, would prob- 
ably be, that a very large percentage of the work should 
stand, and but a small percentage fail, if the engineer's 
reputation is to remain at par. The ordinary engineer 
would prefer, however, that all of his work should stand 
up to its requirements. Now, a summary of the situation 
is this: ‘ 

(1) That the time of a general use of concrete has 
arrived, and the reinforced concrete is a tremendous ad- 
vance over masonry. 

(2) That the advantages of counterforts under the new 
conditions must be very great. 

(3) That the squeezing action of earth filling must have 
a@ great effect in holding onto counterforts to prevent for- 
ward motion. 

(4) That the forces tending to force out the wall may 
be operative back of the wall to a considerable distance, 
or may be operative only in a thin film of earth or a 
thin column of fluid pressure. 

(5) That the lowest stratum of excavation, viz., the 
undersurface of the wall, i. e., its base, may attract 
moisture, and thus engender a very low coefficient of 
friction. 

(6) That the origin of the moisture may be from the 
surface, or may be from sub-strata regions. 

(7) That surface moisture may follow downwards in a 
thin column, or may be present in an extended area back 
from the wall, but is reasonably certain to be present in 
greatest degree next to the wall and to diminish in quan- 
tity farther back from the wall. 

(8) That the base of counterforts may be kept higher 
than the base of the wall and thus in great probability 
have a better coefficient of friction, because of better 
drainage. 

(9) That counterforts extending back into the bank 
would in all probability secure a dryer hold to the bank 
by side friction. 

(10) That horizontal ledges are an advantage and that 
Rankine’s claim that ‘‘earth resting on horizontal ledges 
is as good as masonry” is a truism, meaning, of course, 
pound for pound. 

(11) That the back and base of retaining walls should 
be drained where at all possible. 

(12) That frost is irresistible, and its action against a 
wall is to be measured by the degree of compactness of 
the filling, and with frozen earth to push against on one 
side, and the wall on the other, that the wall must move, 
and each ive o i of freezing will be a new 
trial of strength between the compactness of the filling 
and the stability of the wall, and unless the filling 
yields the wall must move. 

(13) That the lower the horizontal ledge is the greater 
value it will have, because of the greater load of earth 
on it. 

(14) The lower portions of the counterfort will have 
greater squeezing value from the filling, but not In direct 
Proportion to the height, nor as the square of the height, 
but at some indeterminate ratio, 

(15) That in the event of frost action in the upper 
layers, the value of the squeezing pressure on the coun- 
terforts would be increased, and the backing would have 
to be harder and able to withstand a greater pressure 
in order’ to force the wall forward. 

Now, these conclusions will give a fairly definite ided 
of what a retaining wall should be like, and { would 
assemble them as follows, viz.: 
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(a) A light face wall with counterforts. 

(b) Ample surface subject to friction for the counterforts. 

(c) No need of great thickness of counterforts. 

f (4) Strength at juncture of face wall and counter- 
forts to deliver accruing loads (steel reinforcement). 

(e) Horizontal length of counterforts into the bank to 
be least for dry situations, soft filling and in tropical 

countries, and greatest for wet soils, hard filling or cold 
climates. 

(f) Horizontal ledges to be run far under the bank, the 
distance to be proportionate to the importance of the 
work, and the possible inconvenience or disaster follow- 
ing failure. The greatest efficiency is obtained when 
these ledges are near to base of wall. 

Then Rankin's idea of earth on a horizontal ledge being 
as good as masonry, should be applicable to vertical 

ledges, which would make a 
counterfort on plan appear like 
Fig. 1. 

This form would be particu- 
larly valuable in cases of effi- 
cient backing accompanied by 
fluid or other severe pressure in 
the vertical planes next to the 
R inside face of the wall. 

i Fig. 1. It must be admitted that no 

definite and final conclusion can be arrived at as to 

2 the real actual pressures existing behind a vevetment 

= wall. The conditions are very uncertain, since so many 
changeable factors control the situation, 

The point of attack, as we might cal? it, may be at 
the base of the wall, due to heavy clay and quicksand 
with water, or it may be at the middle height such as 
the pressure of an ordinary prism of earth, or it may be 
at the top of the wall from surface water subjected to 
frost, or it may be from fluid pressure, which would concen- 
trate at two-thirds of the depth to which the fluid extends. 

The filling should be porous and drained by weep holes 
and also by tile drains leading to an outlet that is pro- 

tccted from freezing, for weep holes may freeze up and 
become useless, 

The upper layer of filling should be clay puddle and 
gravel, paving stones or sod, so as to shed the water, but 

i this layer should not be thick and immediately beneath it 
shculd be porous material connecting to efficient drainage. 

Where the wall and filling 
meet at the top there should be 
a drain so that this joint shall 
not be a means of carrying 
water down the inside face of 
the wall, Fig. 2. 

A wall of 0.5 the height with 
vertical back and front faces, 
may be reduced by 10% to form 
a low horizontal ledge and by 
1% to form counterforts. With 
10 ft. height the ledge would 
be 10% of 50 ft. — 5 sq. ft. 

With original wall a be d 
5 ft x 10 ft. we would reduce 
the width to 4 ft. 6 ins. and 
qT place the ledge at f g h k 1 ft. x 5 ft., Fig. 3. 

4 : One per cent. of fifty would be 0.5 ft., which would be 
the area of the counterfort for each foot in length of 

wall, and with 10 ft. 
4 spacing of the counter- 

forts would give 0.5 

x 10 or 5 sq. ft. 

This would give a 
plan as shown in Fig. 
4. Taking another 

h 9% trom the original 
y | i 50 ft. area to allow 

K---50~-» for payment of the ex- 
Fig. 3. tra labor and excava- 

tion involved in build- 

ss I ing such a wall as compared with a solid wall, would 

q leave 3 ft. as the thickness of thea front wall. 

‘The total area of the wall shown would be 9% less 
than the original wall a bc d and its cost, including 

metal  reinaforce- 
ment, would be 
the same, 

Thewallabcd 
would have a 
weight 10 ft. x 5 
ft. x 140 Ibs., 
which equals 
7,000 Ibs, 


_face_of Wall. 


14 


~m 

Plan. Vertical Section. 


Fig. 4. 


The new wall would have a weight 
7,000 less 10% = 6,300 Ibs. 
and earth 5 ft. x 9 ft. «x 100 = 4,500 Ibs. 


10,800 Ibs. 
and no fine mathematics are required to prove that the 
counterforted wall will have nearly double the stability 
against sliding and against overturning that the wall 
a bec d would have. 

The same rule of proportion would hold good for walls 
of 0.4 height, 0.3 height, or any proportion. 

A still greater stability could be obtained by reducing 
the distance the horizontal ledge runs into the bank, 
and increasing the distance the counterforts extend into 
the bank. The expense of excavating so far back as 
shown may be in some cases prohibitive, but holes to 
receive the wedge shaped counterforts would be more 
easily excavated. Yours truly, 

Jno. S. Fielding. 

15 Toronto St., Toronto, Ont., Sept. 26, 1905. 


(A proof of the above letters was furnished to 
Mr. Boardman and we append his reply below.— 
Ed.) 


- Sir: Replying to Mr. Worthington’s discussion of my 
article in Engineering News of Aug. 17, I think he is 
laboring under several misconceptions as to purposes 
and accuracy of some of the steps in my argument. 

In the first place he refers to my ‘‘theoretical treat- 
ment of the problem.’”’ I had no intention and think I 
made no claim of treating the problem from a theo- 
retical standpoint. There is an abundance of theoreti- 
cal discussion of the subject in various books and tech- 
nical papers, and I did not think I could add anything 
of value in that line until more actual experimental data 
(on a large scale) were available. 

The calculations I made were merely attempting to 
show: (1) That for a given thickness at top and bottom 
and a given height of wall it makes considerable differ- 
ence whether the batter is on the front or rear, or, what 
is the same thing, that for equal stability we must have 
more thickness at the base when the face is vertiéal 
than when it is battered. (2) The approximate rela- 
tion between the thickness of a typical solid wall and 
the weight per cubic foot of a fluid whose pressure 
would just render the wall in unstable equilibrium, or 
on the point of overturning. The object of getting this 
relation was merely to suggest a method of designing a 
reinforced concrete wall of ultimate stability equal to 
that of a given solid wall. As to Mr. Worthington’s 
criticism of some of my assumptions: (1) That the wall 
rests on an unyielding base, and (2) that moments be 
taken about the toe of the wall. Of course, to be ex- 
act, nothing is absolutely unyielding and the use of 
that word, unqualified, may be open to criticism. I en- 
deavored, however, to make it plain by statement and 
by Figs. 2 and 3 that my calculations only applied to 
the retaining wall proper above the footing, the thick- 
ness of the base of this main wall being the dimension 
frequently assumed as bearing some fixed ratio to the 
height. I did not discuss the dimensions or projection 
of this footing under the solid wall, having no intention 
of advancing a complete treatise on the subject of re- 
taining walls, but assumed this footing to be large and 
firm enough so that the critical section would be at the 
base of the main wall and on top of the footing, which 
footing may be considered as a rock foundation. In 
the article under discussion I expressly stated that I 
made no claim to great accuracy regarding these as- 
sumptions. 

In taking moments about the toe of the wall I had in 
mind a monolithic concrete wall having no adhesion to 
the footing, i. e., no capacity 
for transmitting tension across 
the joint at base of wall. Re- 
ferring to the accompanying 
Fig. A, when the resultant 
pressure R intersects the base 
outside of the middle third 
there will be a slight opening 
up of the joint at D due to a 
variable compression near the 
toe, as indicated by the shaded 
triangle of compressive stress- 
es. But the wall will still 
be in stable equilibrium until > 
this resultant moves  for- 
ward near enough to the toe Ene. 

of the wall to cause failure 
by crushing. The ultimate crushing strength of con- 
crete usually ranges in tests between 1,500 Ibs. and 
3,000 Ibs, per sq. in. Granting that in the case under 
consideration failure might result when the compression 
of the extreme fiber was much less than the ultimate 
unit stress of test cubes, let us assume p,. — 144,000 
lbs. per sq. ft. (= 1,000 Ibs. per sq. in.), see Fig. A. 

Let h = 20 ft. Let wt. per cu. ft. of concrete = 150 
Ibs. 

Let b = 8 ft. 

Then since ~ Vertical forces = 0, the area of the com- 
pression triangle = the weight of the wall or 


| 


144,000 m 150 (2 + 8) 

15,000 


72,000 
This wall being symmetrical the moment 


= .208 ft. or e = 069 


arn 


weight of the wall would be ——e = 3.931. 7). 
basis of the above assumptions this particular w 


1 
have a moment of stability of = 98.279 


as if the moment were taken at the actual :, 
wall. Two per cent. or even five per cent. is 
error for any assumption concerning retainins 
bility, especially when it is expressly stated ¢).. 
accuracy is not claimed.’’ 

In Mr. Worthington’s criticism of my form 
table showing the relation between the thickn: 
wall and the “‘equivalent fluid pressure’’ it 
that he did not very carefully read my stater , 
just previous to the enumeration of assumptio: 
bottom of the last column of page 167. Her 
it plain that the ‘‘w,” or equivalent fluid press) 
considering is the ultimate ‘‘w,”’ i. e., one wh 
place the wall on the point of turning over. 
ington takes my numerical example of ‘“‘w,’’ 5) 
solves for a thickness of wall such that his | 
sultant pressure intersects the base of the wa! 
forward limit of the middle third, giving wha: 
monly called a factor of safety of two. No w:: 
results are high. My values of b/h in this ta}! 
within the limits of common practice in buildins 
ing walls, and do not differ materially from tho-« «} 
tained by Mr. Worthington under case I, ( ¢ 
his later discussion. 

Supposing that for a given set of conditions a) ; 
terials we know all the elements involved in the ;,rob- 
lem which depend on the earth pressure and th: tion 
of the forces within the body of the earth, then a treat 
ment of the problem similar to that Mr. Worthington 
gives in Figs. 3-5 and 6 and the accompanying discus- 
sion is very proper and desirable. But do we know 
enough about the amount and direction of the actual 
pressure exerted to warrant all this calculation even 
when we think we know all about the back-filling used? 


For instance, since writing the article under discussion 
I learned of a partial failure of a retaining wal! which 
started to tip forward. The failure, as usual, was caused 


by the yielding of the soil under the toe of the footing, 
and the main cause seems obvious from the fact that the 
back-filling behind the wall had been carried nearly to 
the top while the trench in front of the wall was still 
open, giving an opportunity for rain or ground water 
to soften up the soil just where it received the maximum 
pressure. Now suppose Mr. Worthington were informed 
of all the known facts concerning the back-filling, sec- 
tion of the wall, etc. (which I am unable to give), could 
he calculate the pressure on the soil under the toe of 
this wall at the time of failure and be willing to swear 
in court that his results were within 25% of correct? | 
doubt if he would be willing to swear that they were 
within 50% of correct. If that is true, then I think we 
need more experimental information on this subject of 
earth pressures. 

The way to prevent such failures as the above is not 
by increasing the thickness of the base of the wal!, but 
to insist on proper care in construction, and especially 
in placing the filling both behind and in front of the wal! 
But while the field and not the office is the place to 
guard against such failure, the designer can do better 
work the more he knows about the subject. I think so 
much has been cited at variance with the theories of 
earth pressure that the only excuse for using them is 
the lack of anything better, and the habit of making 
this excuse keeps us in the old rut and preyents the 
adequate search for something better. 

I do not believe experiments on a small scale are of 
much benefit, because the pressures involved are not 
sufficient to compress the filling and bind the particles 
together as in deep-back-filling. The deeper the filling 
the greater the density at the bottom, with the possible 
exception of granular material, in which the particles 
are nearly uniform in size. For this reason and be- 
cause of the indications of some experiments, I think 
the lateral pressure in solids does not increase nearly 
in proportion to the depth. In accordance with ‘his 
conclusion, I favored, in my article of Aug. 17, the de- 
signing of retaining walls having an ultimate moment 
of stability equal to that of a typical solid wall w ose 
thickness bears a constant ratio to its depth, becvuse 
this corresponds to an equivalent fluid pressure graiu- 
ally decreasing as the depth increases. I used b/h 4 
for the typical solid wall merely as an example, but 
would nét recommend that ratio for all cases any ™0'® 
than I ‘would recommend the same strength of bri ise 
for railway as for highway traffic. 

I seek to discourage the use of the theoretical form ae 
because I believe them to be based on assumj''"s 
radically wrong and wish to stimulate a search for * \"- 
thing better. 

I agree with Mr. Fielding that this is the day of ‘«io- 
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FIG. 1. 


forced concrete, and that it is especially suited to the 
building of retaining walls. I also agree with him that 
counterforts securely anchored to the face wall add 
greatly to the stability, and that when accompanied by a 
floor or back step, as in his Fig. 4, also properly rein- 
forced, they result in making all the filling in the spaces 
between the counterforts an integral part of the wall 
and moving the center of pressure on the soil below, 
much further back from the toe than would be possible 
with the solid type of wall containing an equal quan- 
tity of concrete or masonry. But from the standpoint 
of economy of construction and maximum efficiency 
per cubic yard of concrete, I think the more common 
type as shown in Fig. 5 of my previous article has the 
advantage. Here the counterforts are triangular and 
serve to inclose the steel reinforcement. tying the face 
wall to the back steps of the footing. I think it also 
worth while, where possible, to make use of a forestep 
or front projection of the footing also reinforced if its 
horizontal projection exceeds about 60% of its depth. 
Large coal piles are often retained by building a face 
of lumber and anchoring it by tie rods passing diag- 
onally down through the coal. If the face wall and the 
rods are strong enough and the latter carried back far 
enough from the foot of the pile, the failure of the struc- 
ture is as impossible as it is for a man to lift himself by 
his own boot straps. The above mentioned type of re- 
inforced concrete retaining wall makes use of the same 


principle, and can be made much more 
stable against overturning than a solid 
wall of the same volume per linear foot. 

Of course any wall making an 
} economical use of steel reinforcement 
will cost more per cubic yard of con- 
crete both in form work and in placing 
bars and concrete than will a solid type 
of wall, and in this respect I think the 
type shown by Mr. Fielding’s Fig. 4 
is open to criticism. 

The proper reinforcement of counter- 
forted walls is a problem and especially 
the question of whether it is necessary 
to connect the reinforcing bars of the 
counterforts directly to those of the 
front wall. In Mr. Fielding’s type the 
face wall would not receive as great 
pressure from the earth as in most 
others, because the counterforts would 
take much of this pressure direct. 

H. P. Boardman. 

6600 Ellis Ave., Chicago, IIl., 

Oct. 28, 1905. 


THE RAILWAYS OF SWITZER- 
land, which are all owned and operated 
by ‘the Federal Government, with the 
exception of the St. Gotthard line, are 
likely to be altered to electric traction. 
According to the ‘‘London Times’’ of 
Oct. 18, a national commission has in 
preparation plans for the acquirement 
by the government of the water powers 
most available to furnish the current 
for railway traction. In a recent dis- 
cussion in the Federal Council, how- 
ever, it was stated that no system for 
the electric operation had yet been de- 
cided upon and the change to elec- 
tricity will probably not be made for 
several years to come. 


TOWER OF CONCRETE BLOCKS DESIGNED TO BE AN AUTOMATIC SWITCH invented 
OVERTURNED TO FORM SUBMERGED WEIR IN RIVER. 


by Mr. Hooper and Mr. T. King 
Wilson, of Chillicothe, O., is now being 
introduced, and the first one made has been in use on 
the Baltimore & Ohio Southwestern Ry. for some months. 
The switch is normally set for the main track, and when 
it has been set for the siding it is automatically released 
and returned to its normal position as soon as the last 
wheel of the train (going in or out of the siding) has 
cleared the switch. The design has been simplified and 
improved since the first switch was built, and it may be 
controlled by either electrical or mechanical apparatus. 


CONSTRUCTING A SUBMERGED WEIR BY OVERTURN- 
ING A TOWER OF CONCRETE BLOCKS. 


Plans for the construction of a submerged weir 
at the intake of the Niagara Falls Park & River 
Ry. powerhouse, by overturning a tower of con- 
crete blocks were described in our issue of Oct. 
12. The accompanying views show the tower 
completed, in the process of overturning, and in 
its final position in the river after being over- 
turned. As indicated by the views the novel plan 
of construction was a complete success; The 
water in the fore-bay was raised ©.85.ft, ‘or 10.2 


ins., which is deemed sufficient for present pur-- 


poses. 


Some delay was occasioned in -overtarning thé . . 


tower because of carelessness in following the 
engineer's plans in constructing the wooden base 
for the tower, but the errors were remedied and 
the tower was overturned on Nov. 9. The tip- 
ping timbers were raised 6 ins. by jacks; this 
threw the top of the tower 36-ins. out of plumb, 
which was just enough to cause overturning. The 
timber base fell with the tower proper and served 
perfectly its intended purpose of dropping the 
river end of the chain of blocks far enough away 
from shore to leave @ space between it and the 
shore for an ice runway. This space is 15 ft. 
The tower struck the water in an almost horizon- 
tal position. The cast-iron dowels broke as ex- 
pected, and, besides, two of the concrete blocks, 
striking submerged boulders, broke in the middle. 
This was caused by the fact that the concrete 
blocks could not be completed each in one day, 
and had to set over night and be built up further 
next day, so that there was almost as distinct 
a line of cleavage in the middle of the blocks as 
there was at their top and bottom where they 
were separated from each other by tarred paper. 
In this case the result was not injurious, but Mr. 
Isham Randolph, the engineer who devised 
the method of construction, says that in 
ease he has occasion to use the same 
method again, he will obviate the difficulty by 
reinforcing the concrete blocks by steel bars 
running entirely through them and strong 
enough to stand the shock. The obelisk, as was 
desired, conforms to the bottom of the stream 
and projects somewhat above the surface of the 
water, presenting a jagged appearance. 


A COMPARISON OF THE RECENT BRITISH AND 
AMERICAN SPECIFICATIONS FOR CEMENT.* 


By R. W. Lesley, Assoc. M. Am. Soc. C. E.+ 


Comparing the specification for cements of the Main 
Engineering Standards Committee of Great Britain (En- 
gineering News, March 2, 1905) with that of the Amer- 
iean Society for Testing Materials (Engineering News, 
June 30, 1904), it is to be noted, first, that it is shorter, 
more compact, and embodies in four large pages of 
printed matter, covering a series of articles numbered 
from 1 to 12, all that which in our specification 32 pages 
are taken to describe. The specifications embody in the 
one case 12 articles, in the other 25 articles, which latter 
in turn cover 76 more. This condition of our specifica- 
tions is due to the embodiment in and under the Standard 
Specifications of the American Society for Testing Ma- 
terials, of the Progress Report of the American Society 
of Civil Engineers and the Report of the New York Sec- 
tion of the Society for Chemical Industry. When, how- 
ever, the two specifications are again compared, it will 
be noted that the British specification covers in its 12 
articles all that there is to be said upon both manipula- 
tion of tests and specifications for tests, but that it 
omits entirely all reference to chemical analysis, which 
is evidently not considered to belong to a standard speci- 
fication for Portland cement. 

In comparing the two specifications, therefore, it is 
necessary to consider both the reports on methods of 
manipulation and standard specifications above referred 


*Abstract of a paper read before the American Society 
Materials at its annual meeting in June, 


7604 Pennsylvania Building, Philadelphia, Pa. 
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FIG. 2, VIEW OF CONCRETE BLOCK TOWER IN PROCESS OF FALLING. 


FIG. 3. VIEW SHOWING POSITION OF FALLEN TOWER IN RIVER. 


November 16, 1905. 
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to, omitting alone the methods of analysis. Without 
going over the entire methods of manipulation required 
by the Progress Report of the American Society of 
Civil Engineers, nor dealing with those parts of the 
British specification which have to do with methods of 
manipulation alone, but getting down simply to the 
differences in specifications, which, after all, are those 
which are likely to interest engineers, consumers and 
manufacturers, it may be stated in a general way that 
on the first item of the definition of Portland cement the 
British specification suggests both water and sulphate of 
lime as materials which may be added to retard the set- 
ting, and covers both in its specification, limiting the 
amount in either case to 2%. In the American specifica- 
tion it will be noted that any addition, subsequent to 
calcination, is limited to 3%. 

On Specific Gravity, both specifications practically agree 
at 3.10, but the English specification raises the amount 
to 3.15, where cement is sent direct from the mill to 
the laboratory in tightly sealed packages. 

On fineness, there is a material difference in the screens 
used, and it may be stated that the American specifica- 
tion, which has 8% on a No. 100 (10,000 mesh) sieve, 
and 25% on a No. 200 (40,000 mesh) sieve would require 
a finer grinding than the British, which has 3% on a 
5,776 mesh sieve, or 224% on a sieve of 32,400 meshes. 

In the matter of setting, the specifications are again 
at variance. Our specifications require that the cement 
shall develop initial set in not less than 30 minutes, but 
must develop hard set in not less than one hour nor 
more than ten hours. The English specification recom- 
mends three distinct grades of setting time, designated 
as quick, medium and slow. The first is not less than 
10 minutes nor more than 30 minutes; the second is not 
jess than one-half hour, nor more than two hours, and 
the third in not less than two hours, nor more than five 
hours; and yet while these grades of time of setting are 
recognized, and each of them will have a material bear- 
ing upon the tensile strain of cement, the British speci- 
fication in the matter of tensile strength has but one 
series of limits, namely: 


7 days. 28 days. 
8 sand, 1 cement .......... 120 “ 26 °° 


The American specification, on the other hand, while 
not recognizing different classes of cement, so far as 
the time of setting is concerned, does recognize different 
strengths in tension, and has what the British specifica- 
tion has not, a 24-hour test, which may possibly in some 
quarters be considered superfluous for Portland cement. 
The American requirements are: 


74 28 days. 
450 to "350 Ibs. 550 to 650° Ibs. 
8 sand, 1 cement .. 150 to 200 “ 200 to 300 


They are all higher than those of the British specifi- 
cation, which is no doubt due to the fact that there is 
more rotary cement manufactured in our country than 
possibly anywhere in the world. 

Interesting, however, is the difference in the matter 
of gain in strength at longer periods, a new requirement 
which has only just come into cement testing since the 
introduction of the rapid transit specification in New 
York. In our country, in view of the fact that the mat- 


to increase very many pounds in tension to acquire the 
strength to show 25% increase between the 7-day and 28- 
day periods, while a 10% increase would be a much more 
reasonable figure. 

The great and salient difference between the two speci- 
fications is that governing the test for constancy of vol- 
ume, or what are known technically as accelerated tests. 
In our specification we have adopted the hot and cold 
water tests prescribed under the German Normal Test, 
and which have been in use so successfully for so many 
years, and have supplemented them by a steam test 
after the cement is set for 24 hours, consisting in ex- 
posing the pat in an open vessel to steam rising from a 
body of water beneath. The British have adopted what 
is known as the Le Chatelier test, and which so far has not 
been generally adopted outside of France. This is the part 
of the specification which up to date has attracted most 
criticism, by reason of possible inexperienced operators 
not producing similar results with similar cements under 
similar circumstances. 

The chemical requirements of cement differ in the 
two specifications, as follows: In the American specifi- 
cation 1.75% of anhydride sulphuric acid is permissible, 
while in the British specification the limit is run up to 
2.5%. In England 3% of magnesia is allowed, as against 
4% in this country. Insoluble residue in England is 
limited to 1.5%. Another interesting thing in the English 
specification is that there is no excess of lime: that is to 
say, the proportion of lime shall not be greater than is 
necessary to saturate the silica and alumina presented, or 


that represented by the formula ——————- = 2.75. 
Sio2g Al, 

Of course this would be covered by the analysis of 
cement described in the methods of manipulation of tests 
of the American Society of Civil Engineers, and the 
Methods of Analysis of the American .Chemical Society, 
which are part of the American specification. 

It is interesting to note that while the Standard Ameri- 
can Specification has so far stood fire very well, and even 
its makers could only suggest unimportant typographical 
corrections at our present meeting, the English Standard 
Specification has not been so fortunate. From several 
quarters there has been some little criticism on the ac- 
celerated tests accompanied by statements of different 
results on the same sample. There have also been some 
other unimportant criticisms on chemical composition. 
Whether the difference in mental attitude to the new 
specifications in the two great English speaking coun- 
tries is due to the respective national characteristics of 
their people is still to be determined. To the speaker, 
both specifications betoken good, careful thought and work 
conscientiously done. 


A BRIDGE KNOCKED DOWN BY A DERAILMENT. 


A pin-connected, single-track, through truss 
bridge over the Little Conemaugh River at Johns- 
town, Pa., was knocked down by a derailed car, 
on Nov. 9, causing a wreck which is illustrated 
in the accompanying photographs. The bridge 


> 


could be stopped ran into one of the eng 


the fixed end of the bridge. The ano; 1: 
held and the whole bridge, and the caps : ae 
the bolts were embedded, were pushe, ps 
abutment. 


A 16-in. and a 6-in. gas main, carri.9 
bridge, were severed, shutting off the «, . 
gas to the city of Johnstown. Pe 

The top chord in the fifth panel from 
end, which is shown in one of the vie 
so twisted, is made up of 1 cover plate. 
%-in.; 2 webs, 16 x %-in.; 2 angles, 2 «©, 
x 18 Ibs., and 2 angles, 5 x 3-in. x 36 Ibs. 

The bridge will be replaced by a dou} 
riveted truss bridge of 207-ft. span, w), 
probably be built by the Cambria Stee] | 


THE DOUBLE TRACKING OF RAILWa\- 


The subject of the double tracking of - 
was discussed at some length in our issue 
14, and we have sinee received the follow 
formation from some other railways; an 
on the double-track work of the South: } 
was published in our issue of March 2, 1:) 
regard to the matter which follows, the t« 
cipal features are the traffic conditions in card 
to double-tracking, and the estimates of « of 
single and double track. The double track!) = of 
existing main lines now forms such an impor'ant 
part of railway improvement work, and involves 
SO many special problems as to cost and meihodjs 
of work, that we believe the information pre- 
sented in this and the preceding articles wi!) be 
of special and practical value to engineers en- 
gaged in the planning or execution of work of this 
kind. 

SOUTHERN RAILWAY.—When we come to double 
track a division we are usually confronted with the fol- 
lowing conditions, approximately: Trains each way per 
day: 6 through passenger trains, 5 mixed passenger 
trains, 5 through fast freights, 4 local fast freights, 5 
mixed and work trains; or say 50 trains per day on the 
division. Sometimes there are a few less, sometimes 
more. In our system, when we reach the above con- 
dition another condition arises; that is, our gross earn- 
ings per mile approximate $20,000. So that in general 
terms I would say where we are running 50 trains a day 
or earning $20,000 gross per mile per annum it is advan- 
tag to double track the line. As to the cost ot 
double tracking, that is a hard question and depends 
upon the character of country traversed. In so far as 


the track superstructure is concerned (rails, spikes, 
fastenings, ties, ballast snd laying track), double tracking 
doubles the cost, and using 80-lb. steel, other things in 
proportion, these items cost on our system about $1,450 


‘Eno. NEws, 


BRIDGE OVER THE LITTLE CONEMAUGH RIVER AT JOHNSTOWN, PA., WRECKED BY DERAILED CAR ON NOV. 9. 


ter has not been thoroughly settled, we recognize broadly 
that no cement shall show retrogression. In the Eng- 
lish specification, however, this increase of strength 
between the 7-day and 28-day periods is graded according 
to the initial strength shown by the cement at the seven 
day period, which seems to be a very fair method of de- 
termining increased strength between the periods stated. 
In their specification, a cement showing 400 to 
450 Ibs. at 7 days is to gain 25% in 28 days; 450 Ibs. 
to 500 Ibs., 20%; 500 to 550 Ibs., 15%; and all over 550 
lbs. at 7 days an increase of 10% at 28 days. This, as 
can readily be seen, is a very fair view of the subject, 
as a cement that pulls 600 to 700 Ibs. at 7 days will have 


had a span of 162 ft., and was 16 ft. wide between 
truss centers. Both ends were on a skew. 

The top chords, end posts, stringers and floor 
beams are of steel and the bottom chords, inter- 
mediate posts, ties, counter-rods, and all bracing 
of iron. 


Three cars, each carrying about 110,000 Ibs. of 
steel, were being pushed by an engine. Owing to 
a broken flange on one of the wheels of the front 
car, the car left the track at a switch, when only 
a short distance from the bridge, and before it 


per mile. Where the grading costs, ready for sinxle 
track, say $8,000 per mile, I should say it would cost 
$3,000 to widen it for double track. In this instance 
the single track would have cost $17,450 per mile, while 
the second track would cost $12,450. As the county 
becomes rougher, the price of double tracking appro*! 
mates more nearly to double that of a single track. A~‘ 
where we come in contact with much masonry, bridging"! 
tunnels, the second track may (and in many instances w'!) 
exceed the cost of the original single line unless we g8'\'- 
let important bridges and tunnels, as is frequently do: © 
In ordinary average work I thigk a double track wil! «!! 
from 50 to 75% to the cost of the original single tras, 
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DENSITY OF TRAFFIC ON DOUBLE-TRACK; SOUTHERN RAILWAY 


North Bound———— South Bound = Total No 
Miles. Pass. Freight. Total. Pass. Freight. Total. of Trains. 
eseee 3.3 6 12 18 6 13 19 37 
11.2 ~ 19 27 8 30 
~erson to New Line....... 10.5 5 13 18 5 13 18 36 
vacot to M. P, 128....0++++ 11.0 5 13 18 5 13 18 
encer to Linwood......--+ 8.5 8 10 18 7 ll 18 36 
jona to High Point...... 12.1 8 11 19 8 17 36 
nsboro to Pomona...... 3.7 11 14 25 11 12 23 48 
ville to Pelham......-.+. 8.7 8 10. 18 8 10 is 38 
‘asag to Orange.......-+ 52.8 12 9 21 17 9 26 47 
xondria to Manassas.... 25.7 13 9 22 18 


| in extreme cases it may add more than 100%. The 
prices for double tracking, generally speaking, are 
it 25% higher for double-track work than for single 
tr k owing to interferences from passing trains, par- 
‘arly where there is much masonry to renew or blast- 
co be done in classified material. 
ne accompanying table is compiled from a dia- 
, showing the comparative density of traffic 
‘ouble-track on the Southern Ry. during a 24- 
» period in August, 1905. The freight trains 
tude from 0 to 3 fast-freight, stock, fruit or 
-etable trains in the several districts. 


©ANADIAN PACIFIC RY.—Our decision to double- 
sock the section between Winnipeg and Fort William 
<as scarcely brought about by the actual limit of the 
inele-track having been reached. By increasing the 
si ling accommodation, that is, lengthening the present 
passing tracks, and putting in additional side tracks so 
that trains might be started from terminals in pairs or 
triplets and so kept over the section, we might perhape 
handle double or treble the number of trains we have 

- had to handle; provided, of course, the facilities at 
divisional points were correspondingly increased, but 
under such conditions traffic would necessarily move 
more slowly. As you are no doubt aware, our traffic 
is not uniform the year around, but we have what we 
call the “fall rush,’ when the great western wheat crop 
has to be transported between the end of the threshing 
season and the close of lake navigation (70 days), a 
comparatively short period, involving a considerable prob- 
lem in transportation which is often aggravated by unto- 
ward weather conditions. The physical nature of the 
road (a large amount of curvature) increases the risk 
in moving trains on single-track. With the double-track 
we will be able to push traffic over the road, will cheapen 
the handling of business by securing greater mileage out 
of engines and cars, and reduce delays and risk of ac- 
cidents. 

During our busy season, as before defined, we will have, 
say, three transcontinental passenger trains, one local 
train, three fast freight trains in each direction daily and 
on the Ignace Section (between Kenora and Ignace) we 
will probably run an average of 15 freight trains daily 
in each direction, or a total of 22 trains per day each 
way. What we have figured on taking east from Winni- 
peg during the crop movement this season is 400 cars 
per day, exclusive of passenger trains. The distance 
from Winnipeg to Fort William is 426.7 miles and is 
operated in three sections: Kenora Section, 132.8 miles; 
Ignace Section, 145.5 miles, and Fort William Section, 
148.4 miles. 

LEHIGH VALLEY RY.—As our road is a double-track 
one, in some cases four-track, we have had no regular 
solution of the problem as to when the increase of traffic 
would warrant double-tracking a single-track road. 

In regard to the estimate of comparative cost of a 
double-track and a single-track line, and the cost of 
double-tracking a single line, I have never had any 
very authentic information on this, and have always con- 
sidered that the relative cost would run exactly as you 
stated; roughly between 50 and 75% additional expense to 
double-track a single-track line. In a general way I have 
frequently assumed that a single-track line would cost 
06% of a double-track line. 

ILLINOIS CENTRAL RY.—The limiting and determin- 
ing conditions which have led to double-tracking on the 
illinois Central Ry. have been when the traffic has 
reached such a point that freight trains could not be 
moved without unreasonable delay. On our line between 
Fulton and Memphis, portions of which have recently 
been double tracked, we are handling trains as follows: 
(A) 18 regular freight trains in each direction: (B) 3 fast 
freight trains north and 5 trains south; (C) 6 passenger 
trains daily in each direction. 

It is very difficult to figure in a general way on the 
comparative cost of a double-track and a single-track 
line, as the additional cost of the double track will be 
determined by actual conditions in every case. Our 
original lines in Illinois were constructed so long ago 
that no reliable figures are at hand to show the original 
cost as compared with the cost of double tracking, and 
our lines in the south, which have recently been double 
tracked, were originally constructed by other companies. 

As stated above, the actual conditions will determine the 
percentage of double tracking as compared with the origi- 
nal construction. For instance, a mile of track on which 
the grading will average a 2-ft. embankment, and on 
which there are several trestles which would be dupli- 
cated in case the line is double tracked, will cost very 
much more in proportion than a line on which the work 


mile such as described would run about 60% of the 
amount of material in the original embankment and the 
actual cost of the second track might run up as high 
as 90%. On the other hand, the excavating of 14 ft. 
extra for a second track in a 40-ft. cut with slopes 14 
to 1 would require the removal of only about 15% in 
addition to the amount of material which would have to 
be moved for a single track. 

The additional cost of bridge and culvert construction 
will also vary in somewhat the same proportion. If 
trestles are used, the additional cost of the bridges would 
be approximately 100%, whereas the extension of 14 or 
15 ft. on the end of a long arch culvert under a high 
embankment would, of course, be only a small percentage 
of the original cost. 

We recently had occasion to make an estimate of 
what a single track would have cost in a case where we 
are making a double track diversion about four miles in 
length on which there is a cut 85 ft. in depth. We esti- 
mated that a single track would have cost $297,000, 
whereas the double track complete was figured at 
$400,000. This left $103,000 as the estimated cost of the 
second track, which is about 35% of the cost of the single 
track. On work not as heavy as this the percentage of 
cost of the second track would, as stated above, run a 
good deal higher, but I do not know of any method of 
arriving at any average percentage. 


THE START OF CONSTRUCTION ON THE ERIE 
Railroad was commemorated by a monument dedicated, 
on Nov. 10, at Deposit, N. Y. The monument is set on 
the spot where the first shovel of earth for the con- 
struction of the Erie was dug. 

A BOILER ACCIDENT caused two deaths in Wash- 
ington, D. C., on the afternoon of Nov. 1. In the 
power house of the U. S. Electric Co., 14th and B Sts., 
a 28-in. steam header on a Babcock & Wilcox boiler 
burst, and blew two men up through the roof of the build- 
ing. The section of piping in question had been in use 
for several years. The steam pressure at the time was 
not quite up to normal, 180 lIbs., but it appears that 
water hammer occurred, which cracked a flange and 
caused the explosion. The plant was only slightly 
damaged. 


a 


HEAVY TRAFFIC ON A SINGLE TRACK was moved 
on the Peninsula Division of the Chicago & Northwestern 
Ry. during the 48 hours of Oct. 20 and 21, when a sleet 
storm had brought down all the telegraph wires and left 
the 464 miles of the division without telegraph service, 
so that no orders could be given by either the division 
superintendent or the train dispatchers. The train crews, 
however, managed to keep all the iron and copper mines 
supplied with cars and moved all trains practically on 
time. An official statement records that 4,971 cars were 
moved over the division on the two days, and that 125 
freight trains and 34 passenger trains were handled on 
time, witheut accident, mishap or delay, and without 
the help of a train dispatcher. 


THE TOTAL EXPENDITURES OF NEW YORK CITY 
for the year 1906 will be nearly $117,000,000. The total 
budget as adopted by the Board of Estimate and Appor- 
tionment on Oct. 31 is $116,805,490. This is an increase 
of about $7,000,000 over the appropriations for 1905. 
The largest items of this increase are for schools and for 
interest on the city debt, each of which amounts to over 
$1,350,000. Another additional million goes for increased 
expenditures in the Police and Fire Departments, 


INCANDESCENT MANTLE GAS LAMPS for street 
lighting are to be substituted for electric arc lamps in 
the city of London. 


PERSONALS. 


Mr. G. U. Ryley has been appointed Land Commissioner 
of the Grand Trunk Pacific Ry., with headquarters at 
Montreal, Canada. 

Mr. E. W. Clarke, M. Am. Soc. C. E., has been ap- 
pointed Division Engineer, Division of Municipal Engi- 
neering, Isthmian Canal Commission. 

Mr. S. D. Brooks has been appointed Superintendent 
and General Auditor of the Minnesota & North Wiscon- 
sin R. R., vice Mr. Ges. A. Keyes, resigned. 

Mr. W. C. Hurst has been appointed Superintendent of 
the Detroit, Toledo & Ironton Ry., with headquarters at 
Springfield, O., vice Mr. J. C. Gleason, resigned. 


Mr. W. J. Haynen has been appointed Master Mechanic 
for the Detroit, Toledo & Ironton Ry., with headquarters 
at Springfield, O., vice Mr. J. C. Homer, resigned. 

Mr. J. B. Bassett, Junior U. S. Engineer, has been 
transferred from work on the Illinois and Mississippi 
Canal to Mississippi River work at Rock Island, Ill. 


Mr. Robert McF. Doble, Consulting Engineer, of San 
Francisco, Cal., has severed his connection with the Ab- 
ner Doble Co. in order to resume his individual practice. 

Mr. Leroy Park, of 716 Mercantile Library Building, 
Cincinnati, has been appointed Assistant Engineer by the 
Isthmian Canal Commission for service on the Isthmus. 


Mr. Leo E. Cranke, Engineer, U. S. Reclamation Ser- 
vice, has been transferred from the Milk River Project, 
Montana, to the Lower Yellowstone Project, Montana 
and North Dakota. : 


Mr. W. P. Hardesty, Assistant Engineer, U. S. Recla- 
mation Service, heretofore with Mr. G. L. Swenden, Salt 
Lake City, Utah, has been detailed to Hazen, Nev., to as- 
sist in office duties. 


Mr. Wm. Matthie has been appointed Superintendent 
of Terminals at Oelwein, Ia., for Chicago Great Western 
Ry., vice Mr. George Reith, resigned to accept service 
with another company. 


Mr. H. P. Mobberly, formerly Assistant Engineer, Texas 
& Pacific Ry., has accepted the position of Chief Engt- 
neer for the Louisiana East & West R. R., with head- 
quarters at Bunkie, La. 


Mr. B. J. Dalton has been appointed Chief Engineer 
of the Denver, Enid & Gulf R. R., with headquarters at 
Enid, Okla. He succeeds Mr. W. D. Gerber, who has 
been assigned to other duties. 

Mr. Geo. O. Sanford, Assistant Engineer, U. S. Recla- 
mation Service, has been transferred from the North 
Dakota pumping projects to Glendive, Mont., for duty 
on the Lower Yellowstone Project. 


Mr. N. D. Phelps has been appointed Sales Manager of 
the Mining, Crushing and Cement Machinery Depart- 
ment of the Power & Mining Machinery Co. to succeed 
Mr. T. H. Tracy, who has resigned. 


Mr. P. H. Delano has been appointed Division Engineer 

in charge of construction on the Cincinnati Division of 

the Cleveland, Cincinnati, Chicago & St. Louls Ry. His 
headquarters will be at Middletown, O. 


Mr. John E. Hill, Assoc. M. Am. Soc. C. E., Professor 
of Civil Engineering at Brown University, bas had the 
degree of Doctor of Science conferred upon him by 
Rutgers College, of which institution he is a graduate. 


Mr. H. D. Comstock, Engineering Aid, U. 8S. Reclama- 
tion Service, heretofore assigned to the Belle Fourche 
Project, South Dakota, will be transferred to the Wash- 
ington office and assigned to duty in the computing sec- 
tion. 


Mr. Orlando K. Morgan, of Boston, Mass., has resigned 
his position with the Road Department of the Massa- 
chusetts Electric Cos., and has accepted a position as 
Chief Draftsman with the South & Western Ry., at 
Bristol, Tenn. 


Mr. A. M. Crain, who recently resigned his position as 
Engineering Aid in the U. S. Reclamation Service, has 
accepted a position as draftsman in the office of the 
Chief Engineer by the Baltimore & Ohio R. R., at Bal- 
timore, Md. 


Mr. G. W. Chance has resigned his position as General 
Manager of the Traction Company of America, Drexel 
Building, Philadelphia, Pa., and will take up a consult- 
ing practice in steam or electric railroad construction or 
operation, more particularly preferably for steam-electric 
road work. 

Mr. W. 8S. Harer has been appointed Division Engi- 
neer of the Idaho Division of the Oregon Short Line 
R. R., to succeed Mr. J. P. Congdon, who has been ap- 
pointed Supervising Engineer over work coming under 
the Chief Engineer on operated lines of that railroad. 


Mr. John Anderson, formerly the senior partner of the 
well-known contracting firm of Anderson & Barr, ot 
Jersey City, N. J., who retired from business several 
years ago and has been residing in Stockholm, Sweden, 
is paying a brief visit to the United States, and expects 
a few months later to return to this country permanently. 


Mr. P. F. McDonald has been appointed Road Master 
of the South & Western Ry., with jurisdiction from John- 
son City, Tenn., to the end of the track. Mr. McDonald 
will also have charge of all new track-laying southward 
from the present end of track near Toe River bridge. 
His office will be at Johnson City, Tenn. 


Mr. H. W. Woodcock has resigned.his position as As- 
sistant General Superintendent of the Brooklyn Grade 
Crossing Commission and has entered into partnership 
with Mr. Edwin C. Swezey, under the firm name of 
Swezey & Woodcock, and will engage in a general engi- 
neering and surveying practice, with offices at 259 52d 
St., Brooklyn, N. Y. 


Mr. W. 8S. Menden has been appointed Chief Engineer 
of the Brooklyn Rapid Transit Ry., of Brooklyn, N. Y.; 
to succeed Mr. Eugene Klapp, M. Am. Soc. C. E., whic 
has resigned to enter business with Mr. William B. Par- 
sons. Mr. Menden has for some time been Chief Engi- 
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neer and General Superintendent of the Metropolitan 
Westside Elevated Ry. of Chicago, III. 


Mr. EB. P. Dawley has been appointed Engineer of Con- 
struction of the New York, New Haven & Hartford R. R., 
with headquarters at New Haven, Conn., and the office 
of Assistant Chief Engineer has been abolished. Mr. 
W. J. Black has been appointed Engineer, Maintenance of 
Way of the above road, with office at New Haven, Conn., 
and the office of Principal Assistant Engineer has been 
abolished. 


Mr. F. E. Baxter, M. Am. Soc. C. E., has resigned his 
position as Division Engineer, Denver & Rio Grande 
R. R., with headquarters at Salt Lake City, to go into 
the contracting business under the firm name of Baxter, 
Straw & Storrs Construction Co., with offices at 420 
D. F. Walker Building, Salt Lake City. Mr. C. A. Blake, 
heretofore Assistant Engineer, has been appointed Di- 
vision Enginéer to succeed Mr. Baxter. 


Mr. Robert E. Jennings, of Jersey City, N. J., has 
been elected President of the Taylor Iron & Steel Co., 
High Bridge, N. J., succeeding Mr. Lewis H. Taylor, re- 
signed. The latter had been President and Director of 
the Taylor Iron Works and the Taylor Iron & Steel Co. 
since the former company was organized in 1868. Mr. 
Percival Chrystie was elected vice-President to succeed 
Mr, Jennings and Mr. Knox Taylor was elected General 
Manager. 


Mr. A. P. Valentine, Jr., Architect, Philadelphia, Pa., 
for the past six years connected with the government 
service at the U. 8S. Navy Yard, League Island, Pa., has 
resigned therefrom to accept the position of Assistant 
Structural Engineer in the Bureau of Building Inspec- 
tion, Philadelphia, Pa. This, and other recent appoint- 
ments in that bureau, have been made as the result of 
open competitive examinations conducted by the reorgan- 
ized Civil Service Examining Board of the municipality. 


Mr. Calvin W. Hendrick, M. Am. Soc. C. E., has been 
appointed Chief Engineer of the Sewerage Commission 
of Baltimore, Md. Mr. Hendrick was born in Paducah, 
Ky., in 1865, and when 16 years old he began work on 
the engineering corps of the Chesapeake & Ohio South- 
western Ry. Two years later he became a transitman and 
inspector of pavements in Louisville, where he remained 
until 1887, when he received an appointment as Assist- 
ant Engineer on the construction of the Georgia Southern 
& Florida Ry. He was City Engineer of Macon, Ga., 
from 1888 to 1894, and from 1895 to 1898 he was an 
Assistant Engineer on the staff of Mr. William Barclay 
Parsons, preparing plans for the Rapid Transit Railroad 
Commission. Later he was appointed Engineer of Sewers 
for the Rapid Transit Commission, holding this position 
at the time of his Baltimore appointment. 


Mr. M. J. Caples, General Manager and Chief Engi- 
neer, South & Western Ry., Lick Creek & Lake Erie Ry., 
and Carolina Co., has issued a circular under date of 
Nov. 2, announcing the following appointments, effective 
upon the dates mentioned: 

Mr. Wm. A. Hankins, Principal Locating Engineer, 
Sept. 1, 1905, with office at Bristol, Tenn. 

Mr. A. W. Jones, Division Engineer, First Division, 
Elkhorn, Ky., to Fink, Va., Sept. 25, 1905, with office 
at Fink, Va. 

Mr. Wm. Palmer, Division Engineer, Second Division, 
irom Fink, Va., to North Fork of Holston River, Sept. 
25, 1905, with office at Clinchport, Va. 

Mr. Ward Crosby, Division Engineer, Third Division, 
North Fork of Holston River to Erwin, Tenn., Oct. 8, 
1905, with office at Lovedale, Tenn. 

Mr. Chas. L. Ruffin, Division Engineer, Fourth Di- 
vision, from Erwin to Spruce Pine, Nov. 1, 1905, with 
office at Erwin, Tenn. 

Mr. C. O. Vandevanter, Division Engineer, Fifth Di- 
vision, Spruce Pine to Catawba River, Sept. 22, 1905, 
with office at Spruce Pine, N. C. 

Mr. 8S. P. Daniel, Division Engineer, Sixth Division, 
from Catawba River to Spartanburg, 8S. C., Oct. 26, 1905, 
with office at Rutherfordton, N. C. 


Obituary. 


Col. Stephen V. Shipman, a well known architect of 
Chicago, Ill, died Nov. 13. He designed many public 
buildings in the West and Northwest. 

Beauchamp H. Smith, second vice-President of the S. 
Morgan Smith Co., of York, Pa., died Nov. 1 at his home 
in Los Angeles, aged 36 years. Mr. Smith went to Los 
Angeles about five years ago for the benefit of his health, 
since which time he has resided there. 


W. B. Bogardus, Assoc. M. Am. Soc. M. E., President 
and Chief Engineer of the Peninsular Engineering & 
Construction Co., of Jackson, Mich., died Nov. 1 at Spo- 
kane, Wash., from a complication of diseases affecting the 
kidneys. He was graduated from the Mechanical Engi- 
neering Department of Sibley College, Cornell University, 
in 1896, and since that time has made a specialty of the 
construction of Portland cement mills. He was buried 
in Buffalo, N. Y., his former home. He was 32 years old. 

David Maxson Greene, M. Am. Soc. C, E., a consulting 
engineer with offices in Troy, N. Y., died Nov. 9 at his 
symmer home in Adams, N, Y. A brief outline of his 
career is as follows: Graduated Rensselaer Polytechnic 
Institute (C. E.), 1851; Instructor Rensselaer Polytechnic 


Institute, 1851-1852; Assistant Engineer, enlargement of 
Erie Canal, 1852-1853; on railroad work in Ohio and 
Indiana, 1853-1854; Professor Geodesy and Topographical 
Drawing, Rensselaer Polytechnic Institute, 1855-1861; 
Director of that institution, 1878-1891; in Corps Engi- 
neers, U. S. N., 1861-1869; since then in general engi- 
neering practice; Division Engineer and Deputy New 
York State Engineer, 1874-1878. From 1872 to 1893 he 
was Colonel of Engineers, New York State National 
Guard. He was born in Brunswick, N. Y., in 1832. 


ENGINEERING SOCIETIES, 


COMING MEETINGS. 
ARCHITECTS AND MARINE EN- 


Annual general meeting at New York, 
N. Secy., Wm. J. Baxter, 12 West 3lst St., New 
York: A 
ASSOCIATION OF tala AND CAR AC- 
COUNTING OFF 

Nov. 21. Annual ie at St. Louis, Mo. Secy., 
G. P. Conard, 24 Park Place, New York, N. Y. 

—— SOCIETY . OF REFRIGERATING ENGI- 

Dec. 4 and 5. Annual meeting at New York, N. Y. 
Secy., W. H. Ross, 258 Broadway, New York, | Se 4 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 

Dec. 5-8. Annual meeting at New York, N. Y. Secy., 

F. R. Hutton, 12 West 3ist St., New York. 
MICHIGAN ENGINEERING SOCIETY. 

Jan. 9, 10, 1906. Annual conventien at Lansing, Mich. 
Secy., F. Hodgman, Climax, Mich. 

NATIONAL ASSOCIATION OF CEMENT USERS. 

Jan. 9 to 12, 1906. Annual convention at Milwaukee, 
Wis. Secy., C. C. Brown, Commercial Club Blidg., 
Indianapolis, Ind. 

NEW ENGLAND WATER-WORKS ASSOCIATION. 

Jan. 10. Annual meeting. Secy., Willard Kent, Nar- 
ragansett Pier, R. I. 

INDIANA ENGINEERING SOCIETY. 
4 12, 13, 14. Annual meeting at Indianapolis, Ind. 


Secy., C. C. Brown, Commercial Club Building, In- 
dianapolis, Ind. 


ILLINOIS SOCIETY OF ENGINEERS AND SURVEY- 


ORS. 

Jan. 17, 18, 19. Annual meeting at Rockford, Ill. 
Secy., E. E. R. Tratman, 1636 Monadnock Block, 
Chicago. 

AMERICAN INSTITUTE OF MINING ENGINEERS. 

Feb. 21. Annual meeting at South Bethlehem, Pa. 

y., R. W. Raymond, 99 John St., New York, N. Y. 


AMERICAN SOCIETY OF MECHANICAL ENGI- 
NEERS.—The headquarters during the coming annual 
meeting of the society, instead of being at the society 
house, 12 West 3lst St., as in previous years, will be at 
the Edison Building, 44 West 27th St., New York City, 
the two upper floors being used. The opening session, at 
which President John R. Freeman will present the an- 
nual address, will take place there on Tuesday evening, 
Dec. 5. The second or business session will be held 
Wednesday morning, Dec. 6, in the main saloon of the 
steamship ‘‘Amerika’’ at the docks of the Hamburg-Amer- 
ican Line, Hoboken, N. J. Following this session a 
special train will take those desiring to make the ex- 
cursion to the new Henry R. Worthington Hydraulic 
Works at Harrison, N. J. On the evening of the same 
day there will be an illustrated lecture at headquarters 
by Prof. R. W. Wood, of Johns Hopkins University, on 
“Photography of Invisible Phenomena.’’ The third ses- 
sion, Thursday morning, will include, besides the pres- 
entation of professional papers, a discussion on the sub- 
ject ‘“‘Bearings.’’ In the afternoon there will be a re- 
ception at the New York School of Automobile Engi- 
neers, 146 West 56th St. The usual reception at Sherry’s 
will occur on Thursday evening. The closing session 
will be on Friday morning and will be devoted to the 
presentation of professional papers. 


CONNECTICUT SANITARY CONFERENCE.—The third 
annual sanitary conference of health officials of Con- 
necticut will be held under the auspices of the State 
Board of Health in the Chamber of Commerce Hall, 763 
Chapel St., New Haven, Conn., on Dec. 7 and 8, 1905. 
Three sessions will be held, the first at 8 p m., Thursday, 
Dec. 7, and the other two at 9.30 a. m. and 2.30 p. m., 
Dec. 8 Up to the present seven papers have been 
scheduled: ‘‘The Common House Fly in Its Relation to 
the Public Health,’’ by H. E. Britton, State Entomolo- 
gist, New Haven; “‘The Restriction of Contagious Dis- 
eases in Cities,"’ by Dr. C. V. Chapin, Superintendent of 
Health, Providence, R. I.; ‘‘Animals as Carriers of Hu- 
man Diseases,”” by Prof. W. H. Brewer, President of 
State Board of Health, New Haven; ‘Dissemination of 
Tuberculosis as Affected by Railway Travel,’’ by Chas. 
B. Dudley, Chemist to Pennsylvania R. R., Altoona, Pa.; 
“Forms of Food Adulteration and their Relation to Pub- 
lic Health,””’ by E. H. Jenkins, Director Agricultural 
Experiment Station, New Haven; ‘Medical Inspection 
of Schools,’’ by Dr. E. K. Root, Member State Board 
of Health, Hartford; ‘‘Sanatorium Work,’’ by Dr. J. P. 
C. Foster, New Haven. A local committee, headed by 
Prof. W. H. Brewer, is in charge of arrangements at 
New Haven. 

NEW ENGLAND WATER-WORKS ASSOCIATION.— 
The meeting of the New England Water-Works Associ- 
ation, held in Boston on Nov. 8, was devoted to “The 
Present Relative Responsibility of Public Water Supplies 
and Other Factors in the Causation of Typhoid Fever.” 


A paper with that title, prepared by Profs. Wm 
wick and C-E. A. Winslow, of the Massachysoe:: 
tute of Technology, was read by Prof. Sedgw 
was supplemented by a description of a typh 
demic spread in an unusual way, by Mr. E. E. |. 
engineer of the Springfield, Mass., water do) 
and Dr. Magrath, acting secretary ot the Massa 
State Board of Health. 

In the paper it was stated that in our America 
having polluted water supplies the typhoid fey. 
rates range about from 30 to 125 per 100,000 
those whose water supplies are unpolluted this r ut 
general from 20 to 30, averaging about 25. An, 
over 25 may generally be considered as the tax 
an impure water supply. The most severe ar; 
of the Philadelphia political ‘‘machine”’ was ; 
needless delay in completing the filter system anq ; 
it in operation has cost about 1,200 deaths from - 
which would not have occurred had the water su) 
properly filtered. ; 

With the extension in the use of filtration syste: 
with changes from foul to unpolluted water sup; 
relative importance of water as the vehicle of + 
fever is decreasing and will continue to decrease. 
theless, with the possibility of contamination 
untreated water supply, the responsibility restiny: 
the officers in charge of such a supply must alwa 
great. 

In Massachusetts, where the State Board of Hea) 
exercised a supervision over the quality of water 
for so long a time, it may be stated that the water 
public supply may be drunk with safety; yet eye; 
the typhoid death rates range in general from 15 to 25 
100,000, while in England and Germany they ranco ;; 

8 to 15. The excess of say 10 unnecessary deat} re 
sents about 100 unnecessary cases of typhoid for . 
100,000 of the population. 

Among the more common paths for the propagatic t 
typhoid other than water supplies are milk, shellfic! 
celery or other vegetables which are not cooked. Typ 
may be prevalent in two ways: First a large numb r 
cases may occur at the same time, and may therefor. 
attributed to a common source; and the disease is said to 
be epidemic; or the cases may occur without regularity 
and without indications of a common method of trans 
mitting the disease; the term prosodemic is suggeste) to 
describe this condition. In dirty surroundings, typhoid 
is essentially a contagious disease. It needs only a case 
of “‘walking typhoid’’ to supply the germs, and the allit- 
erative path Filth, Fingers (or flies), Food, offers a ready 
means for their spread, more or less directly, giving pro- 
sodemic typhoid. 

An epidemic of typhoid in Springfield described by Mr 
Lochridge and Dr. Magrath furnishes a most interesting 
example of the roundabout paths by which the disease 
may be transmitted. The epidemic first became notice- 
able about July 15 of this year. Springfield has a water 
supply which is notoriously unpleasant during the hot 
weather. When the epidemic was discovered, the local 
board of health charged it as a matter of course to the 
water supply, and said there was nothing for them to do. 
The officials of the water department, however, while 
not proud of their water supply, claimed that whereas !t 
was rendered unpleasant by growth of algae which they 
could not control, it was not infected by disease, since 
they could and did prevent such pollution. They there- 
fore instituted a study of the epidemic, in which they 
were assisted by the State Board of Health. 

About two weeks after the epidemic was noticed the 
source of the water supply was changed, the reservoir in 
which the alga growths were greatest being shut off, 
and other sources drawn upon, the water receiving very 
little storage. This change, however, had no effect on the 
progress of the epidemic. Moreover, the distribution of 
cases as plotted upon the map did not correspond in any 
way with the water distribution. It was, therefore, 
believed that the source was to be found in some other 
medium. 

It soon appeared that about the only circumstance which 
the first cases had in common was the character of their 
surroundings—they all living in the poorest and dirtiest 
part of the city, and being mostly Russian Jews, Syrians, 
etc. Their surroundings in general were very foul. After 
further study it seemed proven that the disease had been 
communicated by handling by customers with contam'- 
nated fingers, fruit or vegetables in making selections 
from a huckster’s cart, these having subsequently bee» 
sold to other parties and eaten uncorked and withou' 
cleaning. 

Later the epidemic began to spread into better families 
In its first spreading out it could be traced along the 
routes usually followed by the push-cart peddlers, wv 
supplied, to a certain extent, families somewhat more 
well-to-do than themselves. Some members of thes? 
families were perhaps employed in families still higher 
in the social scale, and might perhaps return from vi>- 
iting their relatives or friends who might be sick w ) 
typhoid, to prepare the food for the families in wi 
they were employed. Although it is obviously impossi! © 
to produce direct evidence of the correctness of this ))- 
pothesis, the chain of circumstantial evidence seems » 
be complete, and indeed there y»eems to be no other j 
sible explanation of this epidemic. 
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REVIEWS. 


Cost Data. 
Reviewed by Daniel J. Hauer.* 


NDBOOK OF COST DATA FOR CONTRACTORS AND 
HAUINGIN EERS.—A Reference Book Giving Methods of 
Construction and Actual Costs of Materials and Labor 
on Numerous Engineering Works. By Halbert P. 
Gillette, Consulting Engineer, M. Am. Soc. C. E., M. 
Am. Inst. M. E., Late Associate Editor Engineering 
News. New York: Myron ©. Clark. Morocco; 4% x 
6% ins.; Pa Mog 30 figures in the text, and numerous 


tables. 

In the last decade, through the efforts of the 
Engineering News and several other technical 
journals, there has been an awakened interest 
among engineers and contractors in the detail 
cost of construction work. Engineers find such 
information essential in estimating the cost of 
proposed work, while contractors find these data 
necessary in making intelligent proposals on jobs 
and in systematizing their work. The basis of 
all successful systems and organizations for 
carrying on work of any kind is founded upon the 
cost of each detail. A successful business can be 
built up by exceptional individuals without this 
kind of information, but any competent man with 
such knowledge at hand can evolve a system of 
carrying on construction work, while those who 
have made a success without such data will effect 


great savings and make their success more pro- 
nounced with it. 


In view of these facts a book on this subject 
is of especial interest, and such is Mr. Gillette’s 
Handbook of Cost Data. The reviewer believes 
this to be the first handbook on the cost of en- 
gineering work that has been published. Morris, 
Trautwine and others have touched upon such 
matters‘in their writings, but owing to several 
reasons that need not be mentioned here the data 
given by them, although it possesses certain 
value, is of little practical use. Mr. Gillette has 
already written several treatises on the cost of 
particular features or kinds of engineering work, 
but in his present book he attempts to cover as 
nearly as possible all classes of construction, and 
present it in such a manner as to allow of its 


*1302 Luzerne St., Baltimore, Md. 


‘the various kinds of pavement, 


application by both the engineer and the con- 
tractor. 

The book is divided into fourteen sections, un- 
der heads that facilitate quick reference. In his 
preface, the author writes of the difference be- 
tween a contract price and a contract cost, which 
have heretofore been considered by many of the 
profession as identical; and shows that in order 
to analyze costs it is necessary to know the 
methods used in construction and operation and 
the local conditions. 

Section one treats of preparing estimates, cost 
keeping, and its corollary, the organization of 
forces. Although there is much in this section 
that seems elementary, yet the entire chapter is 
valuable, for no doubt this book will find a 
greater use among the younger engineers and 
contractors than those of long experience. Mr. 
Gillette discusses the keeping of detail costs, and 
shows various ways of arriving at such costs and 
systems of recording them. He also points out 
the great use of such data in enlarging the out- 
put of work, in systematizing construction and in 
handling men. The subject of engineer's esti- 
mates is dealt with, and twenty reasons are 
enumerated why engineers so frequently under- 
estimate the cost of work, the principal ones 
being: 

Students of engineering are seldom trained in the art of 
cost estimating, but left to acquire that art, haphazard 
after graduation. 

A subsurface survey is frequently not made, and, as a 
consequence, unexpected materials are encountered in 
excavating. 

A study of the sources of local materials, their suitabil- 
ity for the work, and their unit cost delivered, is often 
not made, and, as a result, specifications are frequently 
drawn that cannot be lived up to except by importing 
materials at great expense. 

Interest and depreciation of plant, and the percentage 
for profits are usually underestimated. 

Changes in the alinement or in the design, made after 
contracts have been awarded, may result in large claims 
for extra compensation. 

Rates of wages and prices of materials may rise; and if 
the work is large, the work itself may be the cause of 
such increases. 


Limiting competition by the drawing of unfair or in- 
definite specifications is a common cause of high bidding 
prices. Severe interpretation of indefinite clauses often 
causes failure of contracting firms, and the history of such 
failures operates to limit subsequent competition and 
raise prices. 

A word is said advocating uniformity in units 
of measurement and on the subletting of work 
Contract vs. Day Labor work is touched upon, 
the author showing conclusively that contract 
work is the ideal system of doing all classes of 
contruction. The section closes with a set of 
useful instructions to foremen and hints to con- 
tractors. The latter were a series of editorials 
published in the Construction News Supplement 
of the Engineering News a little more than a year 
ago, when Mr. Gillette was associate editor of 
that journal. These hints were so excellent that 
many of those who read them will no doubt be 
pleased to learn that they have been put into 
more lasting form. 

Sections two and three deal respectively with 
earth and rock excavation, being a synopsis and 
condensation of the author’s books; “Earthwork 
and Its Cost,” and “Rock Excavation—Methods 
and Cost,’’ both of which have been reviewed in 
these columns (July 16, 19038, and Nov. 17, 1904, 
respectively). 

In section four the cost of roads, pavements and 
walks is analyzed. Macadam and Telford roads, 
curbs, gutters 
and walks are discussed and their detail costs 
set forth. 


In the next section stone masonry is taken up. 


Statistics are given on the percentage of mortar 
used in various classes of masonry. The cost of 


dressing and sawing stone and also of laying 
masonry is given, besides some records of the 
cost of plug drilling by hand and pneumatic pro- 


cess. A very interesting description of slope wall 
work is embodied in this section and the method 
of its construction and the details of its cost are 
given. 

Section six is headed the Cost of Concrete Con- 
struction of All Kinds, and is by far the largest 
section, the subject being treated in the most 
exhaustive manner. Within the last two or three 
years much has appeared in print on concrete, 
both plain and reinforced, and some cost data, 
but this is the first to appear that gives 
such information as is needed to estimate the 
cost of future work of various kinds. The author 
first takes up the subject of voids and quantities 
of the ingredients of concrete and presents some 
new views, based upon his own experience. Then 
he enters into a discussion of the cost of sand, 
stone and gravel, the mixing, handling and plac- 
ing of concrete, and the cost of forms. This is 
considered both in mixing by hand and machine. 
In writing of the cost of forms, Mr. Gillette points 
out that records of these costs should be kept 
both by the cubic yard, which is commonly done, 
and by the thousand feet board measure of lum- 
ber used. This is a highly important matter, 
and it is singular that it has not been commented 
on before. Under the subject of forms the author 
has much to say that will be found of interest 
to both contractors and engineers. There is no 
doubt that the future use of concrete depends 
very much on the cost of forms, so too mugh 
importance cannot be given to the subject. A 
hundred pages are devoted to the cost of various 
classes of concrete work. 

Sections seven and eight are devoted to the 
cost of water-works, sewers, vitrified conduits and 
tile drains; in other words, construction that em- 
braces trench digging. Although trench digging 
is common, especially in cities, there are but 
few data on it. The work is generally ac- 
companied by so many risks and difficulties that 
it is extremely hard to give rules for estimating 
its cost, but all that Mr. Gillette has to say re- 
garding it will be found useful. 

Sections nine and ten relate to structures in 
which timber dominates, such as foundations, 
trestles, wharves, docks and _ buildings. Pile 
work, including concrete piles, are dealt with, 
and under buildings, brick, stone work and the 
cost of mill construction are discussed. 

Under steam and electric railways, in section 
eleven, tracklaying, ballasting and the erection of 
trolley poles are taken up, and some costs of 
building logging roads are given. In section 
twelve the erection and painting of steel bridges 
is examined, and many examples of cost of such 
work cited. In section thirteen the cost of rail- 
way and topographic surveys is set forth, and 
lists of .rations and supplies for camping pur- 
poses given. In section fourteen is recorded the 
cost of many miscellaneous structures, such as 
fences, revetments, clearing land, some asphalt 
work, bridge foundations, sodding, etc. 

Throughout the entire book many records of 
costs are copied from engineering journals, and 
many of the author’s own writings from the En- 
gineering News are quoted, all of which is duly 
noted. Credit is also given to many engineers 
and contractors for furnishing information rela- 


tive to costs of work done under them. 


The book abounds with numerous examples of 
cost data and short descriptions of work, and is 


_ illustrated with cuts, wherever they add to the 


text. The subject is presented in an attractive 
manner. Although much information is given, 
yet the users of the book will desire more. This 
is but natural, as it is really the genesis of such 
books. No doubt future editions will be added 
to and improved, and it is to be hoped that Mr. 
Gillette will give us additional works in his 
chosen field. Engineers and contractors, both 
young and old, will read the Handbook of.Cost 
Data, and its usefulness will only be limited by 
its sale. 
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The Crystallization of Iron and Steel. 


Reviewed by Bradley Stoughton.* 

THE CRYSTALLIZATION OF IRON AND STEEL.—An 
Introduction to the Study of Metallography. By J. W. 
Mellor, D. Sc. London, New York and Bombay: 
Longmans, Green & Co. Cloth; 5 x 8 ins.; pp. 144; 
65 figures, partly in the text. $1.60, net. 

In the lay mind the crystallization of iron and 
steel has little meaning. Even in circles in 
which the science of metallography is valued, if 
not understood, the true significance of the crys- 
talline structure of metals is not always recog- 
nized. The man who tempers steel and the black- 
smith know that high-carbon steel having a 
“crystalline” or “fiery” fracture is unfit for their 
uses, and they call this “crystalline steel.” If 
the fracture is “sappy” or “silky,” they call the 
material “non-crystalline steel,” and this term is 
synonymous in their minds with high quality. To 
tell these men, and many others who have learned 
what they know of steel from shop practice, that 
the most silky of the high-carbon steels has as 
well-defined a crystalline structure as granite 
would merely render one liable to be disbelieved. 
A knowledge of crystallization will often reveal 
the causes of good, as well as bad, quality in 
steel, and even in cast iron; will explain many 
hitherto mysterious failures in service, not only 
of the high carbon tool steels but of the soft 
boiler-plates and structural material; will lead, 
and has led, to the discovery of new kinds of 
steel; will improve our methods of manufacture, 
of tempering and of annealing, and will explain 
that mystery of ages, the hardening of steel by 
rapid cooling from a red heat. A proper crystal- 
line structure in all steels is important, and in 
many steels is as important as proper chemical 
proportions. 

The study of the physical properties and struc- 
ture of metals is called metallography, and, be- 
cause the structure of metals is usually very 
minute, it is examined usually with the aid of 
the microscope, so that branch of the science 
known as microscopic metallography is the one 
which is attracting the largest share of atten- 
tion at the present time. This science is of very 
recent origin. Starting from three separate and 
independent sourcest it grew slowly until two 
papers by Sorby, in 1886 and 1887,t before the 
Iron and Steet Institute, aroused great interest. 
From microscopic examination of iron and steel 
the science spread to the study of other metals 
and alloys in the same way. At the present time 
there is hardly a large steel works in the United 
States, and only a few in England and Europe, 
which has not a_ well-equipped department of 
microscopic metallography, and the practical 
usefulness of the art increases constantly. A 
book which brings this knowledge within the 
reach of anyone who cares to grasp it is most 
welcome, and seems to be present in Dr. Mellor’s 
little volume. 

The book includes six lectures delivered to the 
engineering students of the Staffordshire County 
Technical classes at the Newcastle High School, 
in November, 1904, and is intended to summarize 
the results of the more important researches 
which have been made during the last ten years 
upon the constitution of the alloys of iron and 
steel. It is divided into six chapters, correspond- 
ing to the six lectures, and having the following 


*Adjunct Professor, Department of Metallurgy, School 

of Mines, Columbia University, New York City. 

+H. C. Sorby, “Om a New Method of Illustrating the 
Structure of Various Kinds of Steel by Nature Print- 
ing,’’ Sheffield Literary and Philosophical Society, 
February, 1864. 

“On the Microscopical Photographs of Various Kinds 
of Iron and Steel,” British Association Report, Part 
11, 1864, p. 189. 

D. C. Tschernoff, “Remarks on the Manufacture of Steel 
and the Mode of Working It.’" Imperial Russian 
Technical Society, April and May, 1868. Translated 
into English by William Anderson; London, 1880. 

“Structure of Cast Steel Ingots.’"" Imperial Russian 
Technical Society, December, 1878. Translated into 
English in Proceedings, Institute of Mechanical En- 
gineers, January, 1880. Translated into French in 
Revue Universelle des Mines, Second series, Vol. 2, 
1880, p. 140. 

A. Martens, “On the Microscopical Examination of Iron.” 
Zeitschrift des Vereins deutscher Ingeneure, Vol. 
XXI, 1878, pp. 11, 205, 481; Vol. XXIV, 1880, p. 307. 
Translated in Engineering, Vol. XXVIII, p. 88. 

tH. C. Sorby, “On the Microscopical Structure of Iron 

and Study of Microscopical Structures of Steel.’’ Jour- 

nal, Iron and Steel Institute, No. 1, 1886, pp. 140-4. 

“On the Microscopical Structures of Iron and Steel.’ 
qareel. Iron and Steel Institute, No. 1, 1887, pp. 


titles: The Solidification and Cooling of Alloys, 
The Constituents of Iron and Steel, The Harden- 
ing, Annealing and Tempering of Steel, The Crys- 
tallization of Iron and Steel, The Influence of 
Stress and Strain, How to Prepare a Specimen for 
the Microscope, to which has been added, as an 
appendix, what is practically a reprint of the 
glossary adopted by the Committee of the Iron 
and Steel Institute on the Nomenclature of Metal- 
lography. An index adds to the value of the pub- 
lication. 

In the first lecture the author takes up and ex- 
plains the modern theory of metallic solutions as 
an introduction to the second, which extends the 
subject to a discussion of the solutions of carbon 
in iron. This second chapter is the only unsatis- 
factory one of the book. Confining himself to 
limited space, the writer has sacrificed conciseness 
to mere brevity. Instead of selecting a few im- 
portant and necessary facts and concentrating the 
reader’s attention on them, he has introduced 
many facts and explained them in too brief a 
fashion to make them all readily comprehensible. 
Throughout this chapter there is constant con- 
fusion between the liquid and solid solutions of 
carbon and iron, two very different alloys, be- 
tween which a distinction is nowhere clearly in- 
dicated. On pages 23 and 30 the author speaks 
of the eutectic of iron and carbon. In the one 
place he means the eutectic, the most soluble of 
the liquid alloys (4.3% carbon), in the other he 
means the eutectoid,.the most soluble of the 
solid solutions (0.90% carbon). A few words of 
explanation on page 23 would have resulted in a 
great saving of the reader’s time. In his discus- 
sion of martensite, austenite, etc., the author ig- 
nores the recent French theories of the nature of 
these constituents, although the bulk of our evi- 
dence would indicate that they are the ones most 
nearly in accord with the known facts, besides 
being the easiest to understand. 


From the discussion of the constituents, the text 
passes easily and naturally to the questions of 
hardening, annealing and tempering. The various 
theories are discussed clearly and fairly. Two 
errors have crept in which it is well to note. On 
pages 60 and 61 the author says: 


The metal is annealed by heating it to the Ac, critical 
point, and keeping it at that temperature a sufficient 
length of time to change the “hardening carbon” to 
“cement carbon,’’ and the hard into soft allotropic iron. 
When the effects of hardening have been removed by heat- 
ing the steel to the Ac, point—it is quite immaterial 
whether the steel be slowly or quickly cooled—the metal 
will be annealed. 

At Ac, the brake appears to be sufficiently relaxed to 
allow the whole of B to pass into A. 

The brake action of passive resistance is re- 
laxed completely 200° below Aci, and, for mere 
annealing, it is not necessary to heat to that tem- 
perature. The fact that almost all annealing is 
conducted near Ac: is because the operator de- 
sires to obtain not only an annealing, but also a 
restoring, of the grain size to the finest possible. 
For this reason annealing is accomplished by 
heating slightly above Ac:, and the change that 
takes place is from cement carbon to hardening 
earbon (not the reverse). It is then very material 
that cooling be slow, lest the metal be hardened. 
Even in the method stated by the author cooling 
must be slow, for Ac: is not a point, but a range 
of temperatures, and to heat to the stated Aci 
would carry the metal part way into the range, 
where the carbon changes to the hardening form. 

The next chapter explains the overheating and 

burning of steel, the embrittling effect of phos- 
phorus, etc., by the formation of brittle en- 
velopes, or intergranular networks, and the re- 
fining or restoring of grain size by heat and me- 
chanical treatment, a subject so important to the 
welder, toolmaker and roller of steel, and one 
which is already promoting changes in the rolling 
of railroad rails and other shapes. For black- 
smiths and chain-makers this chapter is a special 
lesson. 
_ The fifth chapter includes practically all of the 
known facts as to the plastic yielding and frac- 
ture of the ferrous metals. The sixth, and last, 
chapter is the best collection in any one book of 
the methods of preparing specimens for micro- 
scopic examination. 


— 


The two predominant features of the bo 
whole are the great concentration of infor is 
into a small space, and the interesting ma re 
which it is presented, which latter nev. 


. to attract. The concentration is not alw es 


advantage, because it sometimes interferes 
an easy grasp of the writer's meaning, es; 
by one to whom the subject is new, and it 
this class particularly that the book js se 
since it does not pretend to extend the re 
known facts, but only to collect them from 
tered sources into one volume. A few exan 
of this fault have been mentioned already 
pages 50 and 51 the writer confuses m.. 
cast iron with gray cast iron, and temper 
with graphitic carbon. A little more spa 
voted to drawing a clear comparison betwe: 
two would have been very Profitable. Oy, 
18 the description of the solidification of « 
Silver alloys is difficultly understood even b; 
to whom the facts are already familiar, a 
page SO the author discusses the effect of d 
ent elements on pig iron and steel, but doe 
state when he is referring to pig iron and \ 

to steel, so that his statements are either n 
ingless or erroneous. On page 69 there is 
fusion between the words copper and gold, v 
renders the last part of the first paragrap) 
surd. This may be due to two typograph 
errors. 

There is this objection to the printing of | 
ture courses: What may be explained very clear 
by a speaker, with the aid of diagrams an) 
pointer, may be difficult to understand when . 
pressed in the same words in print. In rearrs 
ing these lectures for publication an extension 
the explanations, in the second chapter especia'ly, 
would have added to the value of the book, wiiilc 
certain subjects might have been omitted, such 
the discussion of the Phase Rule, which 
not of any particular benefit to one who does 10! 
expect to delve deeply into the study of alloys. A 
similar example is the section on copper-antimony 
alloys (page 20), which is not especially helpful 
in explaining the phenomena of the iron-carbon 
solutions. This clouding of the main issue by the 
introduction of data not absolutely necessary is 
one of the principal weaknesses of the book. The 
human mind, and especially the human memory, 
will absorb facts more readily through the eyes 
than the ears, and a lecture demonstration wil! 
often serve not only to fix the attention and in- 
terest, but to assist the audience in understanding 
and retaining a subtle explanation. A lecturer 
is thus sometimes justified in digressing slightly 
for the purpose of giving an active demonstra- 
tion of some interesting phenomenon germane to 
the subject; not so the description of a demon- 
stration in a book, for which the same excuse 
does not exist, nor the presentation of informa- 
tion which does not carry forward the same line 
of thought. 

The writer gives many references in the text 
which are, for the most part, complete and we'll 
selected. A hotable exception is (p. 15) where he 
says: 


It is supposed that the presence of many foreign sub- 
stances, like carbon, nickel, and manganese, augment the 
passive resistance so as to render the hard y-iron more 
stable and permanent at low temperatures. On the other 
hand, the presence of chromium, tungsten, aluminium, 
silicon, phosphorus, arsenic, and sulphur facilitate the 
passage of the hard beta-iron to the soft alpha-iron. 

These statements will be questioned by some, 
and it is unfortunate that their source is not in- 
dicated. 

When all has been said, this book is the bes! 
popular introduction to the study of meta'- 
lography that we have, and is recommended |» 
those who would learn the science, as well as ‘» 
any of a scientific turn of mind who care to spen! 
a few hours in profitable entertainment. 
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PROFESSIONAL PAPERS, U. 8. GEOLOGICAL Sl': 
VEY.—Charles D. Walcott, Director. Washing‘: 
D. C.: Pub. Doc. Paper; 9 x 11% in 


No. 42: Geology of the Tonopah Mining District, \—- 
ada. plates 


v Josiah Edward Spurr. Pp. 295; 
and 78 text illustrations. 


To those interested in the Tonopah gold and s''- 
ver mines this large monograph should prov 
valuable. 
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Field Geology. 

Reviewed by N. S. Shaler.* 
p, D.C. L, F. R. 8., Bte., Murchison Profes- 
“> ‘geology and Mineralogy in the University of 
Suren, Author of “The Great Ice Age, Pre- 
Europe,” “Barth Sculpture,”’ Etc. New York: 
Nostrand Co. Cloth; 6 x 9 ins.; pp. 435; 36 

- and 142 text illustrations. $4, net. 

-y all the distinguished teachers of geology 
ha written text-books, manuals, or principles. 
More than any other group of naturalists they 
feel ‘.c desire to perpetuate their methods of in- 
struction and to set forth what seem to them 
the facts of their ample science which are most 
likely to help their successors in their novitiate 
stage. Looking over the ample list of these en- 
a os we see that they fall into two diverse 
UI in the one, and unusually, the author 
.smbines with the matter which has served him 
in ; = teaching a wide range of facts of which he 

only book knowledge, but which he thinks 

enlarge the learning of the reader. In the 
ther, and rarer, works—all too rare, indeed—we 
have a clear presentation of those details only 
which are personally known to the instructor 
and have been proved useful in his teaching, and 
which are thus shaped into coherent thought. 

The first of the above-mentioned two classes 
of geological treatises, the semi-encyclopedic 
croup, has for its type specimen, in its way ad- 
mirable, the “Manual of Geology’ of the late 
James D. Dana. In its ample store has been 
gathered what is, perhaps, the largest body of 
well-verified elementary facts to be found in any 
science. The trouble is that only a limited part 
of this wonderful agglomerate has ever been, or 
can be, digested by any one teacher, or is ap- 
propriable by a beginner in geologic science. 
James Hall wickedly said of it “that all the Lord 
had ever done was set forth in the book, but the 
Lord Himself alone knows where to find it.” It 
is, in effect, a most valuable compendium of 
geology, especially for American students, helpful 
alike to the tyro and to the expert, but not fitted 
to lead the beginner swiftly and surely on his way 
into the science. 

The second of these classes of beginner’s books 
in geology has no other example so good as James 
Geikie’s “Structural and Field Geology,” 
which we are considering. Its excellences are 
simple and may be briefly set forth. The author 
has a clearly defined and limited purpose: this is 
to present so much of the science of geology as is 
needed to those who are to deal with its prob- 
lems in the field as geological surveyors or as en- 
quirers of any group of that wide profession of 
engineering who have to ground their work on the 
conditions of the earth. Even with this definite 
and what may, at first sight, appear to be rather 
narrow limitation the author has, notwithstand- 
ing his well-known skill as a writer, need for all 
the space afforded by his ample volume. The 
limits set to his task enable him to put aside 
problems of geological successions, the history of 
organic life in time, and the theories of geologic 
action and to limit himself to a plain account of 
what may be termed the statics rather than the 
dynamics of the earth, and of that division to so 
much only as is required by the surveyor or the 
engineer. Thus restricted, he deals with his sub- 


ject in a way that may be briefly set forth as 
follows: 


In the first chapter there is an admirable, brief 
account of the rock-forming minerals, all within 
the comprehension of students who have a very 
elementary knowledge of mineralogy; next we 
have a like brief but from the point of view suf- 
ficient account of the constitution of rocks, then 
a bare note concerning fossils, about a dozen 
pages, which serves no more than to tell the 
Student that such things exist and that they may 
afford him valuable information. At the end of 
the first hundred pages the author enters upon 
his main task; thence on through the remaining 
nineteen chapters the aim is to show the pupil 
what the field should teach him. Nowhere else 
has the present writer found this work so well 
done as here. The author’s extensive experi- 


*Dea: 
vena <> Lawrence Scientific School, Harvard Uni- 


ence as an interpreter of the highly illustrative 
but difficult rocks of Great Britain, particularly 
of Scotland, and his long service as a success- 
ful teacher enable him to select the features 
which are likely to puzzle the student in the field. 
His text seems to provide for all such 
difficulties, making the provision in almost 
every instance from examples which are fairly 
typical of their several classes. 

The selection of the abundant illustrations 
shows well the purpose of Professor Geikie in 
going directly to the facts for his evidence. Of 
the nearly threescore photographic plates, mure 
than fifty are from nature, and though from the 
Scottish field are sufficiently characteristic to 
serve in the interpretation of any district where 
like structures are found. The abundant illus- 
trations in the text exhibit few of the stereotyped 
text-book designs, little related to actual facts, 
which are so common in works of this general 
nature. By far the greater number of them are, 
though diagrammatic, evidently as they should 
be, composites from memory of actual occur- 
rences. These features of the presentation add 
not a little to the sense of reality which eminently 
characterizes this work. 

The text is admirably clear and vigorous, as is 
that of all the author's works: there is not a 
sentence in it which does not go straight to the 
point and this without being unpleasantly pre- 
cise. Some of his fellow-islanders may be in- 
clined to “go for him,” because of his use of the 
word reliable in what they consider the American 
misuse when it means trustworthy; but this 
would be mere cavilling. More to the point is 
his occasional use of the term vein where a dyke 
is meant. It may be doubted whether many 
American geologists would speak of eruptive 
veins, including in the category such structures 
as protrusions of granite in masses extending 
into other rocks. The tolerably well-developed 
usage of this country, which limits the term vein 
to masses within walls in which the material has 
been apparently deposited from water, seems to 
the present writer more satisfactory. 

As for the serious imperfections of the book, 
they are hard to find. We may question the suf- 
ficiency of the statements which do not give the 
reader an adequate idea of the coal deposits 
above the level of the carboniferous, but as it is 
not the author’s purpose to give more than the 
most cursory glance at mineral resources, these 
and other like omissions are inevitable. Per- 
haps more serious is the mere cursory reference 
to coast lines, to which matter the last half page 
of the book is devoted. Thus a great field, rich 
in structural features of the utmost importance, 
lacks presentation, and the engineer who has to 
deal with problems concerning harbors or the 
winning of marshes to agriculture, lacks the good 
help he has found in other matters. These trifles 
are noted because it is the business of the critic 
to criticise. The work is excellent in plan, in 
presentation, and as a specimen of the book- 
maker’s art. It will be very helpful, not only to 
beginners, but to those who have been well- 
trained in the science of geology. 
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SEWAGE.—By F. Wallis Stoddart, 
. ©, F. C. S. Reprinted from the Journal of 
Preventive Medicine, September, 1905. Bristol, Eng- 
land: The author (Western Counties Laboratories). 
Paper; 7 x 10 ins.; pp. 20; one figure in the text. 
Mr. Stoddart is known to some of our readers 
as having developed the variety of continuous 
or percolating filters that bears his name. He 
here reviews some experiments on the proper ca- 
pacity of tanks for the preliminary treatment 
of sewage and gives his conclusions based there- 
on. As embodying these conclusions, in part, he 
shows a longitudinal section of a tank with sub- 
merged cross walls and with scum boards, and 
without either submerged inlets or outlets. He 
suggests a tank volume equal to i2 hours’ aver- 
age dry weather sewage flow, which he believes 
would be capable of handling a storm flow up to 
three times the dry weather flow. His reason 
for cutting down tank capacity, as compared with 
the usual British allowance for 24 hours’ dry 
weather flow and over, is that the large capacities 
not only call for a needless capital outlay, but 
also give rise to putrefactive products which 


THE TANKING OF 
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cause bad odors and clog filter beds. The out- 
come of the study is an illustration of ‘reversion 
to type,’’ the type in this case being the ordinary 
settling tank. 


Tools and Mechanical Practice. 
Reviewed by William W. Bird.* 


TOOLS FOR ENGINEERS AND WOODWORKERS.—In- 
cluding Modern Instrumente of Measurement. By 
Joseph Horner, A. M. I. Mech. EB. Author of ‘‘Pat- 
tern Making,” ‘‘Hoisting Machinery,"’ etc., etc. Lon- 
don: Crosby Lockwood & Son. New York: D. Van 
Nostrand Co. Cloth; 5% x 8% ins; pp. 340; 456 fig- 
ures in the text. 9%s.; American price, $3.50, net. 

LEHRBUCH DER MECHANISCH-METALLURGISCHEN 
TECHNOLOGIE.—(Verarbeitung der Metalle§ auf 
Mechanischem Wege). By A. Ledebur, Professor in 
the Royal School of Mines at Freiberg, Saxony. 
Braunschweig, Germany: Friedrich Vieweg & Son. 
Paper; 6 x ins.; pp. 805; 754 illustrations, mostly 


in the text. 18 marks; American price, $7.2. 
MACHINE-SHOP TOOLS AND METHODS.—By W. 5S. 
Leonard, Instructor in Machine-Shop Practice and in 


Practical Machine Design, Michigan Agricultural 
College. Third Edition, Revised and Enlarged. New 
York: John Wiley & Sons. London: Chapman & 
Hall, Ltd. Cloth; 6 x 9% ins.; pp. 554; 689 figures 
in the text. $4. 

The book by Mr. Horner is devoted entirely to 
machinists’ and woodworkers’ tools and measur- 
ing instruments. The term engineer as used by 
him corresponds to our word machinist. The 
author has written a clear and comprehensive 
description of various groups of tools, such as 
cutting, scraping, percussive and molding, using 
language that will be readily understood by 
students and apprentices. Some valuable points 
are given in the use of these tools, including the 
proper angles for cutting and methods of grind- 
ing. The construction of the tools themselves, 
however, is not taken up and but few pages are 
devoted to hardening and tempering. As a purely 
descriptive work, the book is neatly gotten up, 
clearly printed and well written and illustrated. 

The book by Professor Ledebur is a small 
library in itself and indicates a very comprehen- 
sive understanding, on the part of the author, of 
all the common metals, their production, uses and 
properties, together with the machinery and fix- 
tures required for their proper handling. Part I., 
or about three-quarters of the book, is given up 
to seven chapters of descriptive matter on metals, 
alloys, minor tools, foundry practice, forging, 
rolling-mill machinery, machine tools, joining of 
metals and finishing of surfaces. Part II. con- 
sists of thirteen chapters on the manufacture of 
various metal articles, such as steel plates, wire, 
type, tubes, screws, cutlery, pins and locks. 

A list of references on the subject matter is 
given at the end of each chapter and adds to the 
value of the work. The book is well illustrated 
and the description of shop methods is good and, 
in the frequent references to American practice, 
is up to date. The book as a whole is too ex- 
tensive in its scope to be of value except as a 
reference work for students, as few people in this 
country care to own a book containing so much 
about so many things. 

The book by Mr. Leonard represents his lec- 
tures on shop practice and machine design, given 
to the students in the Michigan Agricultural Col- 
lege. The text is concise, comprehensive, and 
clear, and the reader is at once convinced that 
the author has had an extensive shop experience 
and knows whereof he writes. The description 
of the machines and tools is good and covers the 
principal details without useless words. The 
names of the machine parts, tools and fixtures 
are those used in general shop practice, a state- 
ment which cannot be made with regard to most 
books which have been written by teachers. The 
illustrations are not in keeping with the rest of 
the book and should be improved in the next edi- 
tion. 

Numerous questions on the text are given at the 
end of the book, so that the reader may test his 
knowledge of the work if he is so disposed. 

The book as a whole is undoubtedly the best 
one on machine shop practice that has yet ap- 
peared, and should be owned by all students and 
young machinists who desire a book on this sub- 
ject: for them it contains much of value, but for 
the man of experience who is iooking for some- 
thing new and original it has but little to offer. 


*Professor of Mechanical Engineering and Director of 


the Washburn Shops, Worcester Polytechnic Institute, 
Worcester, Mass. 
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Statically Indeterminate Bridge Stresses. 
Reviewed by Henry S. Jacoby.* 


THE STATICALLY-INDETERMINATE STRESSES IN 
FRAMES COMMONLY USED FOR BRIDGES.—By 
Isami Hiroi, C. E., Dr. Eg., Professor of Civil En- 
gineering in the College of Engineering, Yokyo Im- 
perial University. New York: D. Van Nostrand Co. 
Cloth; 5% x 8 ins.; pp. 174; 94 figures in the text. 


2, net. 

This book forms an important contribution to 
the literature of bridge engineering. It is the 
first attempt to present in the English language 
in a single volume the principal cases of statically 
indeterminate stresses occurring in the practice 
of the bridge engineer, the solution of which is 
based exclusively on the method of least work. 

The fundamental principle of the method of 
work has been expressed by Castigliano in two 
theorems, as follows: 

I. The displacement of the point of application of an 
external force acting on a body—caused by the elastic 
deformation of the latter—is equal to the first derivative 
of the work ¢? resistance performed in the body, with 
respect to the force. 

II. The partial derivatives of the work of resistance 
with respect to statically-indeterminate forces which are 
so chosen that the forces themselves perform no work are 
equal to zero. 

In the introductory chapter the author, re- 
ferring to the second theorem, known as the prin- 
ciple of least work, explains it to mean that the 
work of a system of forces, acting upon an elas- 
tic system of construction, will be the least pos- 
sible that is necessary to maintain equilibrium; 
or that the external forces so adjust themselves 
as to develop internal stresses in the structure 
that will make the total work of resistance in the 
latter a minimum. 

Chapters I. to VI. inclusive, refer, respectively, 
to the stresses in trussed beams, viaduct bents, 
continuous girders, arches with two hinges, and 
in suspension bridges and trusses with redundant 
members; while Chapter VII. deals with secon- 
dary stresses due to the rigidity of truss joints. 
These chapters contain 15, 20, 27, 39, 30, 15 and 
21 pages, respectively. In each case the inter- 
nal work is expressed in terms of the external 
forces and differentiated successively with respect 
to each force to be found. The expressions for 
the unknown forces are then deduced in a con- 
venient form for use by the designer. 

An essential feature of the book consists in the 
numerical examples that are worked out to illus- 
trate the application of the formulas.  Inciden- 
tally, it may be remarked that several formulas 
extend twice across the page although printed in 
small type. Indeed, without some of these ex- 
amples, the difficulty in using the book would be 
vastly increased to all but the most capable de- 
signers who maintain their proficiency in the- 
oretical investigation. 

The first of the examples relates to the king- 
post trussed beam, and shows that the stress in 
the tie rods is 19% less than if the beam be as- 
sumed as continuous over three fixed supports and 
5% greater than if assumed to consist of two dis- 
continuous beams. The maximum fiber stresses 
in the beam under the same assumptions are 
respectively 13% and 6% less than the value found 
by the method of least work. The queen-post 
trussed beam, and a beam reinforced by sloping 
struts and a straining beam, either with ma- 
sonry or timber column supports, are also treated 
in the first chapter. 

The forms of viaduct bents include those having 
the cross girder riveted between the columns} 
those having one panel of sway bracing; and 
those with knee braces only. The loading con- 
sists of either symmetrical or unsymmetrical live 
loads and wind loads. 

The treatment of continuous girders includes 
the important case in which one or more 
supports of metallic columns are used, as well as 
the usual one in which all the supports are re- 
garded as unyielding. Formulas are then de- 
duced for the moments and reactions at the sup- 
ports of a swing bridge with three supports, a 
swing bridge with four supports and partially 
continuous, and a double swing bridge with four 
supports. 

Under arches with two hinges the general case 


“professor of Bridge Engineering, Cornell University, 
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of the arch rib is first considered, and in this 
connection a simplified formula is derived for the 
horizontal thrust due to two symmetrical loads, 
which equals double that for one load. This case 
is followed by the parabolic arch rib having its 
sectional area and moment of inertia vary as the 
secant of the inclination of the neutral axis; the 
circular arch rib with uniform cross sections; the 
flat parabolic and flat circular arch ribs, both 
with uniform cross section; the spandrel-braced 
arch; the balanced spandrel-braced arch having 
projecting cantilevers outside of the main span, 
that support simple truss approaches; and braced 
arches with horizontal ties between the end 
pins. 

In every case formulas are deduced for the 
reactions due to vertical loads, temperature 
stresses, and for the displacement of supports. 
The numerical examples in this chapter include 
a circular arch rib with solid web and span of 250 
ft., and a spandrel-braced arch of eight panels 
with a span of 120 ft. This is not the place to 
discuss. the relative merits of the different 
methods employed in practice for the design of 
spandrel-braced arches, with respect to the 
amount of labor involved, the liability to error, 
etc., but it may be of interest to state that some 
years ago Prof. A. H. Fuller made a critical com- 
parison of three methods and concluded in favor 
of the use of displacement diagrams and of in- 
fluence lines in determining, respectively, the 
horizontal thrust and the stresses in the truss 
members. 

The statement at the bottom of page 73 on 
neglecting the effect of axial stress in an arch rib 
should be accompanied by the caution that this 
can safely be allowed only for a fairly high rise 
say approximately one-fifth of the span. For a 
rise of only one-tenth of the span the effect of 
axial stress becomes too large to be neglected in 
careful designing. The percentage of error in the 
horizontal thrust is no measure of the resulting 
error in the stress of any member. This fact is 


recognized by the author on pages 99 and 104. 


As affecting spandrel-braced arches, the state- 
ment in the last sentence of Art. 64 ought not to 
be accepted without further qualification, as has 
been proved by experience. 

The chapter on arches without hinges covers 
the same types of arch ribs with solid and open 
webs as in the preceding chapter and therefore 
needs no further comment. 

The formulas for suspension bridges apply to 
the stiffened suspension bridge, and to the cable 
suspension bridge with continuous stiffening 
trusses. The former is treated as an inverted 
arch with two hinges, due consideration being 
given to the motion of supports caused by changes 
in the length of the inclined anchor ties. The 
entire treatment is condensed into ten pages. The 
same chapter contains five pages on trusses with 
redundant members, which the author char- 
acterizes as “the least important of all, consider- 
ing the comparative rarity of the kinds of stru>- 
tures treated,” and has therefore deemed it ‘.cuf- 
ficient merely to indicate the mode of proce. ure 
in the calculation of stresses by means of the 
method of work.” 2 

The method of finding the secondary stresses 
in a truss due to the rigidity of its joints is ap- 
plied to a Warren truss of two panels each_30 ft. 
long and 20 ft. deep. The stresses per square 
inch range from 271 Ibs. in a diagonal to 509 
lbs. in the lower chord. The balance of the last 
chapter deals with secondary stresses in the posts 
of a bridge due to rigid floor beam connections 
and sway bracing, both for live loads and wind 
pressure. Two types of sway bracing are used: 
the lattice girder and the single rectangular panel 
with two diagonal ties. The deduction of the 
necessary formulas for the moments at the post 
connections for vertical loading, and of the loca- 
tion of the points of inflection in the posts for 
wind loads, form very interesting illustrations of 
the application of the method of least work. 

Only those who have attempted similar work 
ean fully appreciate the immense amount of 
painstaking labor required in the preparation 
of such a text, and the necessary special facility 
in the use of calculus and mechanics as well as 
algebraic analysis. The author’s familiarity with 


the literature of bridge Stresses and 4 
evident. 7 
Apart from slight infelicities of expr: 
the occasional omission of the article a 
the, the author is to be congratulated y- a 
good English employed in the text. The t 
is simple and easily remembered. The fas 
show that no labor has been spared :,, 
the volume of the text to very modera:, a 
and to secure accuracy in the compositi . 
to be regretted that there is no index, | 
lack is made up in part by a very complet 
of contents. The publishers have don 
work well. It is possible to read every s 
and exponent in the smallest type employ 
only adverse criticism on the Physical ™ 
of the book relates to a minor blemish ca 
the large type on the back of the cover. Ty 
deserves a place in the library of every 
engineer. 


ADVANCED MECHANICAL DRAWING.—A Text ¢ 
gineering Students. By Alpha Pierce Jamis: M 
E. Assistant Professor of Mechanical 
Purdue University. New York: John Wiley © c. 
pp. 177; 27 plates and 108 text figures. §). bes 

The present volume practically forms p.-: 
of Mr. Jamison’s series on Mechanical Dr» 

Part I., “A Course in Elementary Mech. ‘ 

Drawing,” was reviewed in these pages und 

date of Dec. 15, 1904. The “Advanced Mechanic 

Drawing” is intended for the Sophomore ec}: 

a course in drawing, and is administered |; 

nection with the class-room and lecture 

Descriptive Geometry. 

The first topic considered is isometric drawing 


work in 


and cavalier projection, taking up the matter os 
isometric axes, planes and lines, isometric 
scales, the practical application of the system and 
method of procedure, illustrated by examples. 
Further on, solids, screw-threads, their exact and 
conventional representation, and the matter of 
distortion are considered. Shadow and shadow 
construction, theory of right line, one and two 
plane shadows, curved line and shadows of solids 


are treated in the second chapter. Perspective is 
next taken up, including mechanical and free- 
hand perspective, parallel and angular perspec- 
tive and how to assume conditions, and the per- 
spective of shadows. Two chapters are devoted 
to exercises for the student, theoretical as well as 
practical problems being discussed. The prac- 
tical problems seem to be especially well chosen. 

The text matter is brief and well arranged. The 
illustrations, as a whole, well represent the dif- 
ferent subjects chosen, although some are at 
times incerrectly executed and seem to suffer from 
defects inherer.t to the wax-process of engraving. 


HYDRAULIC DIAGRAMS.—For the Discharge of Con- 
duits and Canals. Based upon the Formula of Gan- 
guillet and Kutter. By Charles H. Swan, M. Am. Soc. 
C. E., and Theodore Horton, M. Am. Soc. C. E., with 
a Description of the Diagrams and their Use by The- 
odore Horton. Second edition. New York: The En- 
gineering News Publishing Co. Cloth; 5% x 9% ins.; 
pp. 45. $1. 

The favorable reception accorded this book has 
necessitated a further printing. This, in turn, 
has afforded an opportunity to add a new plate 
and to italicize certain phrases in the text for 
emphasis and ease of reference. The new plate 
gives discharges and velocities for small conduits 
on a larger scale than they were formerly shown. 
The diagrams, as a whole, serve for closed con- 
duits of eight different types of cross sections, 
and also for canals of both rectangular and 
trapezoidal section. 


a 


HIGH TENSION POWER TRANSMISSION.—A Series of 
Papers and Discussions Presented at the Meetings of 
the American Institute of Electrical Engineers, under 
the auspices of the Committee on High-Tension 
Transmission (Ralph D. Mershon, Chairman). New 
York: McGraw Publishing Co. Cloth; 6 x 9% ins; 
pp. 466; illustrated. $3. 

This volume is a collection of reprints from the 
Transactions of the American Institute of Elec- 
trical Engineers, covering the papers and dis- 
cussions which were brought out by that society 8 
committee on High-Tension Transmission ‘uring 
1903 and 1904. The papers and discussio!: 4P- 
pear in just the form in which they were pud- 
lished in the Transactions, but an index of sub- 
jects and authors has been added. 
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Bridge Design and Construction. 


iewed by — S. Moisseiff,* Assoc. Mem. 
. Soc. C. E. 


AND OF METALLIC 
pam $.—By William H. Burr, M. Am., Soc. C. E., 

Cc. E., Professor of Civil Engineering 
{ bla University, and Myron 8S. Falk, Ph. D., 
Asst M. Am. Soc. C. EB., Lecturer in Civil En- 
ving in Columbia University. New York: John 

ey & some. London: Chapman & Hall, Ltd. 
6x9 PD. 92 figures in the text 

four folding plates. és. 


7; - design and construction of steel bridges in 
Am ca has shown during the last decade a 
stead’ and uninterrupted advance in the quality 
of sc entific work done, as well as in its quantity. 
The creased number of technically educated en- 
gin -s has widely spread the rational applica- 
¢ the principles of mechanics and the em- 
jata of the structural materials. To the 
s of vertical loads and lateral wind other 
C es of minor importance also began to be 
into consideration; to the established meth- 
f determining the stresses due to the ex- 
nal causes new ones were added, facilitating 
or the other phase of the computer’s work; 
finally, the increased knowledge of the materials 
}, and the accumulated observation on struc- 
tures in service, brought about a better under- 
<'anding of the behavior of the various members 
1 their detail connections. Simultaneously with 
the advance in designing and detailing metallic 
bridges grew also the demands made on them in 
sustaining heavier loads and in increased stiff- 
ness. 

The advance in the art of bridge building is, 
as would be expected, reflected in Messrs. Burr 
and Falk’s book on “‘The Design and Construction 
of Metallic Bridges.” The engineers who were 
familiar with Professor Burr’s standard work, 
“The Stresses in Bridge and Roof Trusses, Arched 
Ribs and Suspension Bridges,” will readily recog- 
nize the old book in the new garb, but they will 
also see at a glance that new material has been 
added and that much of the old has been re- 
written to correspond with the new requirements 
and practice. 

Professor Burr’s book on bridges shared here- 
tofore to some degree the fame of Rankine’s 
works, in that it contained much very valuable 
matter, which had to be mined out of the rocks. 
The reviewer heard this view expressed many 
times during his college years, when this book 
served as the text book, and in later years in con- 
versation with engineers. It could not be denied 
that much of this was true, though in the mind 
of the reviewer the book maintained during all 
these years its place as the best book on bridges 
published in English. The chapters on swing 
bridges and arched ribs especially were of the 
best then offered. The new book appears to have 
been made much plainer, and many missing links 
have been supplied. The chapters on arched ribs, 
suspension bridges and cantilevers have been 
omitted in this book, and “together with certain 
Statically indeterminate forms will be treated 
in a supplementary volume.” Other chapters 
have been added. 

The book consists of ten chapters, the first of 
which is “A Historical Sketch of Bridge Build- 
ing.”” The history of the evolution of any art or 
science is always a useful and interesting intro- 
duction to the subject itself, and enables the 
reader to orient himself as to the present stage of 
the subject treated. But the 37 pages devoted to 
the history contain an enumeration of facts and 
present only some of the raw material for a 
history of the evolution of bridges, and in their 
present shape are entirely inadequate to furnish 
any guiding ideas. 


Chapter II. is devoted to the general types of 
trusses, loads and specifications, and contains the 
most recent practice in railroad and highway 
bridges. Several typical specifications, represen- 
tative of modern requirements, are extracted. The 
various methods practiced in providing for im- 
pact stresses are given, but the advantages of 
using an impact formula are not discussed; a 
record of modern practice is simply presented 
without sides being taken by the authors. Trat- 
ion Stresses, stresses due to centrifugal. load, 
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wind, temperature, initial tension and snow all 
get due consideration. 

Chapter III. treats of Moments and Shears, 

and of the Design of Plate Girders. It gives the 
usual methods of finding the positions of greatest 
bending and shear, the general formulas of the 
common theory of flexure, and, finally, devotes 
some 28 pages to the design of a plate girder. 
The latter gives an excellent treatment of plate 
girder design, clear and full of information, and 
while the subject is comparatively simple, it yet 
requires all the fundamental principles of good 
designing. 
Chapter IV. and V. treat of all kinds of Trusses 
with Parallel and Horizontal Chords and with 
Chords Not Parallel, and covers 133 pages. Some 
additional explanations excepted, the matter is 
the same as in the older edition of this book; 
many numerical examples of trusses and how to 
find their stresses have, however, been added. 

To the chapter on swing bridges has been added 
the treatment of these bridges by the method of 
deflections, with examples in each case. A short 
chapter on the Deflection of Framed Structures 
and Outline of the Theorem of Least Work has 
been added. No proof of this principle is given 
except that “the hypothesis is entirely reasonable.” 
There are several demonstrations of the principle 
of least work, and one of them should have been 
given. The subject is treated here too scantily, 
and both Castigliano and Mueller-Breslau could 
furnish some simple examples illustrating the ad- 
vantages of its application in many common 
cases. 

The book concludes with chapters on wind 
stresses and details of construction. The treat- 
ment of wind stresses by Professor Burr in the 
older editions of this book was known to be very 
thorough, and it has remained so in thé new edi- 
tion, which has in this respect undergone prac- 
tically no change. Little has also been added to 
the discussion of details of construction, which 
could profitably be much extended. There is al- 
ways a demand for information on details, if 
fully discussed in the light of recent knowledge. 
An index of subjects and of names quoted ends 
up the work. 

Regret may here be expressed that highway 
bridges have received little consideration. The 
general arrangement and design of highway or 
better street bridges certainly deserves special 
treatment; it is a growing subject and still open 
to much improvement. Floors for railroad bridges 
have equally been neglected, yet there has re- 
cently been brought out much valuable matter 
in this line. 

The appearance of the book has been improved; 
the numerous cuts, especially, have been made 
clear and many new ones have been added. Con- 
cluding, it may be stated that the book reflects 
well thé advance in the design of metallic bridges, 
and is a worthy successor to the old standard 
which it replaces. 
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sian = PLANER KINKS.—For Planer Hands. By 
Carroll Ashley, New York: Hill Publishing Co. Cloth; 
ee pp. 80; 33 fig 
The author clearly and correctly names his 
readers when he says: “This is written for the 
planer hand by a planer hand,” referring to the 
ironworking planer. . He describes many special 
forms of planer tools and special fittings such as 
chucks, clamps and stops that are useful or es- 
sential in planer work. Much in the way of 
methods of doing work is also discussed or sug- 
gested, with regard to regular as well as to 
special work. The care of the planer also fur- 
nishes a theme for some remarks. All this mat- 
ter is somewhat heterogeneously put together,and 
in general the treatment does not go far enough 
back and does not follow out the momentary 
theme thoroughly and comprehensively. Many 
good illustrative drawings, and the small size of 
the whole book, atone in part for these faults. 
Two remarks of the author merit quoting, as giv- 
ing purpose to the book and throwing Ught on 
the conditions of planer work: 
‘The planer is probably the most abused machine in 


the machine (p. 5). 
A piece well chucked is half planed (p. 41). 


ures, mostly in the text. 


The author justly takes occasion to deny the 
sentiment that “the man who runs a planer has 
a snap.” Planer work is of broad range and re- 
quires a first-class workman. To the machinist 
it is as difficult as designing a planer is to the 
machine-tool engineer, Proper planer design, by 
the way, seems to be a science that is as yet more 
under hats than in books. 
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THE NATIONAL MUNICIPAL LEAGUE.—Proceedings 
of the New York Conference for Good City Govern- 
ment and the Eleventh Annual Meeting, held April 
25, 26, 27 and 28, 1905, at New York. Clinton Rog- 
ers Woodruff, Editor. (Philadelphia, Pa.): The Na- 
tional Municipal League. Cloth; 6 x 8% ins.; pp. 
404. $1.25. 


Municipal progress for the year 1904-5 is here 
reviewed by the secretary and by several other 
writers, Mr. Woodruff surveying the whole Amer- 
ican field and his colleagues taking up more 
limited areas. The framework of Canadian 
municipal government is well described by Dr. W. 
Bennett Munro, of Harvard University. A 
number of the papers deal more or less directly 
with municipal ownership and with municipal 
corruption through franchise companies. Uni- 
form municipal accounting, instruction in munic- 
ipal government in the public schools, primary 
legislation and nominations of municipal officials 
are each discussed at some length and with 
ability. The whole volume constitutes a tonic for 
stimulating interest in good municipal adminis- 
tration. 


+ 


CENTRAL ELECTRIC LIGHT AND POWER STATIONS. 
—1902. Special Reports, Bureau of the Census, 8. 
N. D. North, Director. Prepared under the Super- 
vision of William M. Steuart, Chief Statistician for 
Manufacturers. Text by Thomas Commerford Mar- 
tin, Expert Special Agent. Washington, D. C.: Pub. 
Doc. Paper; 9 x 11% ins.; pp. 175; 98 tables; illus- 
trated. 

An abstract of portions of the text of this bul- 
letin was published in our issue of Sept. 28, 1905. 
In the abstract were some comparative figures of 
municipal and private plants. The report pre- 
sents statistics for all stations in use during any 
part of the year ending June 30, 1902. About 
eighty pages of text are used to summarize and 
discuss the text and some twenty pages of text 
are devoted to the “History and Development of 
Electric Lighting.” 
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ENGINEERING LITERATURE. 


November 16, 100- 


Engineering and Laboratory Chemistry. 
Reviewed by Leonard P. Kinnicutt.* 


ENGINEERING CHEMISTRY.—A Manual of Quantita- 
tive Chemical Analysis for the Use of Students, Chem- 
ists and Engineers. Third Edition. By Thomas B. 
Stillman, M. 8c., Ph. D., Professor of Analytical 
Chemist in the Stevens Institute of Technology. 
Easton, Pa.: The Chemical Publishing Co. Cloth; 
4 x 9 ins.; pp. 597; 139 figures, mostly in the text. 


SECOND YEAR CHEMISTRY.—A Handbook for Labora- 
tory and Class Work. By Edward Hart, Ph. D., Pro- 
fessor of Chemistry in Lafayette College, Easton, Pa.; 
The Chemica! Publishing Co. Cloth; 5% x 7 ins.; 
pp. 165; 31 figures in the text. $1.25. 

Engineers have not the time, even if they have 
the training, to make anything but the simplest 
quantitative tests, but they should know how 
various quantitative determinations are made 
and have such a general knowledge of chemistry 
as to be able to interpret the results received from 
the chemist and draw from them the correct con- 
clusions. This is the training that is now being 
given to engineers in the best scientific schools 
in cur country, and for students who have or are 
receiving this training Professor Stillman’s book 
will be a valuable addition to their library. 

The book is not a manual of quantitative an- 
alysis; it Is not a book which would be used to 
teach a young man the principles of that sub- 
ject, but is a book from which the engineer can 
obtain information as to the chemistry of those 
substances which he is most likely to come in 
contact with in his professional work. It tells 
him how those substances are analyzed, and how, 
from the data thus obtained, he can decide as to 
their value. 

The main subjects treated of in the book are 
Water, Fuels (svlid, gaseous and liquid), Iron and 
Steel (including the management of blast fur- 
naces), Cements, Building Stones, Asphalt, Paper, 
Alloys, Petroleum and Lubricating Oils. The 
subjects are well chosen, and the author has 
treated them in a very comprehensive way, not 
at all contenting himself with merely describing 
the methods used in the analysis of the various 
substances, but giving that information regarding 
the various substances which would enable an 
inquirer to decide in a given case what deter- 
minations should be made to give him the infor- 
mation he desires and further how to make use 
of the information thus obtained. AS an ex- 
ample of this, under the subject of fuels. pages 
104 to 206, not only are the methods used in de- 
termining the calorific power of solid and gaseous 
fuels, both from the data obtained from analyses 
and from the results obtained by the calorimeter, 
given, but also how these data are employed in 
determining the efficiency of a boiler plant. Not 
only are the methods of gas analysis described, 
but also a description of the manufacture of coal 
water and gas, and the composition of coal and 
water gases, are also given. Under water an- 
alyses, pages 43 to 105, one finds not only the 
methods for the technical and sanitary analyses 
of water, but also the effect of different waters 
on boilers, how those effects can be modified by 
feed water heaters or by chemicals, how water 
can be softened, and how purified by slow sand 
and by mechanical filtration. Similarly are 
treated the other subjects mentioned, and numer- 
ous references to original researches are given 
throughout the book. 


The book, Ilke all books, can be criticized in 
some respects: the most serious fault to be found 
with it is the omission of specific directions as to 
sampling. The most important part of a tech- 
nical analysis, one which is vital if results of any 
value are to be ensured, is the obtaining of a 
correct sample of the substance to be analyzed, 
and this is certainly a subject about which the 
engineer should have detailed information. The 
whole value of a boiler plant test, for example, 
depends on a correct sample of the coal used 
being obtained, and in a book intended for en- 
gineers it would certainly seem as though the 
method of sampling adopted by the Committee 
on Coal Analysis of the American Chemical So- 
ciety should be given in substance if not detail. 
The same, of course, is true regarding iron ores, 
water or other substance. The first thing for 
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an engineer to know is how to obtain a fair and 
correct sample, for otherwise the analysis that is 
made will be valueless. 

It could also be said that the book in certain 
cases fails to give sufficient information regard- 
ing the interpretation of the results of chemical 
analyses. This is particularly noticeable in 
respect to the sanitary analysis of water. 

The book, as a whole, however, is a book well 
worth having written and certainly one that will 
frequently be consulted by engineers. 

The first part of Professor Hart’s book is devoted 
to the consideration of some of the fundamental, 
theoretical principles of chemistry. This is fol- 
lowed by a description of the chemical balance, 
the method of weighing and testing of weights, 
and a few problems in quantitative analysis. The 
main portion of the book, pages 57 to 138, is a 
manual on qualitative analysis, succeeded by a 
chapter on the preparation of samples for quan- 
titative analysis, and a few more examples in 
quantitative work. 

The book is interesting as showing the method 


- used by Professor Hart with his classes at La- 


fayette College, and undoubtedly, in his hands, 
accomplishes the desired result. It contains much 
that should be included in the work of second 
year students in chemistry, but the arrangement 
of the work is one that seemingly would not 
usually produce the best results. 


The idea of Professor Hart in prefacing the 
qualitative work with a few problems in quan- 
titative is that it teaches the beginner the neces- 
sity of extreme care, and that all his subsequent 
work will be thereby improved. The reviewer 
doubts whether neatness and care can be better 
taught by a few quantitative exercises than by 
the methods of qualitative analysis. Neatness 
and care in laboratory work depend upon the in- 
structor and not upon the subject taught. 


PROCEEDINGS OF THE AMERICAN RAILWAY EN- 
GINEERING AND MAINTENANCE OF WAY ASSO- 
CIATION.—Chicago: L. C. Fritch, Secretary. Paper; 
6 x 9 ins.; pp. 872; illustrated. Paper, $2; cloth, 
$2.50; half morocco, $3. 

The greater part of this volume consists of re- 
ports, discussions and general proceedings of the 
sixth annual convention, held at Chicago in 
March, 1905. Financial reports and lists of offi- 
cers, committees, members, and railways repre- 
sented, cover about 100 pages. The report of the 
Committee on Iron and Steel Structures is one of 
the most important, and (with the discussion and 
a number of illustrations and tables of tests of 
riveted joints) covers some 290 pages; it com- 


prises a historical sketch of the developmen: 
American bridge specifications, a study of : 
and engine weights used in designing bride. 
description of a series of tests of riveted ; 
and punching and reaming tests, and a forn 
general specifications for steel railway brid 
The other principal reports are those of the « 
mittees on wooden bridges and trestles; roadw 
signaling and interlocking; yards and termin» 
water service; records, reports and accou: 
buildings; masonry; ballasting; ties, There 
also an interesting discussion on rails, wh 
brings out very strongly the  unsatisfact. 
quality of metal in modern steel rails. 


STATE BOARD OF HEALTH OF MASSACHUSETTS 
Thirty-Sixth Annual Report. Boston, Mass.: Pp) 
Doc. Cloth; 5% x 9 ins.; pp. xxxvi. + 448. 

In its main divisions this report is along th. 
usual lines: Advice to cities and towns on 
water supply and sewerage questions, analyses 
the public water supplies of the State, wate; 
works and rainfall statistics, reviews of water 
and sewage purification experiments at Lawrence 
and reports on food and drug analyses 
typhoid fever, malaria and like subjects; also sta- 
tistical summaries of disease and mortality. The 
water supply analyses for some years past are 
averaged and studies of the analyses grouped un 
der surface and ground waters, and sub-grouped 
under color, odor and various chemical constitu- 
ents are given. Special studies in sewage purifi- 
cation reported on relate to nitrogen storage and 
disposal in sand filters, contact beds and sprink- 
ling filters; various sewage bacteria and their re- 
lations to sewage purification; a new turbidity 
standard; sprinkling filters and septic tanks. In 
water purification, the use of both copper sulphate 
and aluminum sulphate in connection with sand 
guarantee that this book will not be found want- 


* filtration was studied, and also double sand fil 


tration. 
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A WINTER VISIT TO SOME SEWAGE DISPOSAL 
PLANTS IN OHIO, WISCONSIN AND ILLINOIS.— 
By C.-E. A. Winslow (Sanitary Research Laboratory 
and Sewage Experiment Station of the Massachusetts 
Institute of Technology, Boston, Mass.) Reprinted 
from Journal of the Association of Engineering So- 
cieties, Vol. XXXIV, No. 6. Paper; 6 x 9 ins.; pp. 
335 to 361; 10 illustrations. 

It would be advantageous to all concerned if 
more such “visits,” whether winter or summer, 
were made and reported. The paper describes 
briefly a number of sewage works, giving most 
attention to such important points as the present 
working condition of the plants and the lessons - 


to be drawn from their success and their failures. 
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Modern Turbine Practice 
and Water-Power Plants 


By JOHN WOLF THURSO 
Civil and Hydraulic Engineer 


EXTRACT FROM PREPACE: 


The writer has designed turbines, both in America and Europe, and has been connected in engineering eee 
with water-power developments, aggregating nearly 200,000 horse-power; having been in charge of the hydraulic 
work during the planning and construction of some of the most important developments in Canada. 

The object of this book i+ to give such information in regard t» modern turbines and their proper installation, as 
is necessary tv the hydraulic engineer in designing a water-power plant. 


CONTENTS: 
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sw Far Should Government Regulation of Railway 
Rates Extend ? 

7 RAILWAY LEGISLATION.—By Henry S. 

TRICeES Am. Soc. C. E., M. Am. Soc. M. E.,; Past 

*-aident American Railway Association, Author of 

.meriean Railway Management."’ New York: , The 

\.-millan Co. London; Macmillan & Co., Ltd. 
oth: 5% x 8 ins.; pp. 355. $1.25, net. 

-{NMENT REGULATION OF RATLWAY RATES.— 

\ Study of the Experience of the United States, Ger- 

any, France, Austria-Hungary, Russia and Aus- 

lia. By Hugo Richard Meyer, Assistant Profes- 

.r of Political Economy in the University of Chicago. 

‘ew York: The Macmillan Co. London: Macmillan 

Co., Ltd. Cloth; 5% x 8 ins.; pp. xxvii + 486; one 

jiding map. $1.50, net. 
It is a notable fact that of all the voluminous 
literature on the relations of the railways and 


the public, very little has been written by rail- 


way operating officers. A great deal has been 


put forth on the railway’s side by the paid attor- 
n-ys of the railways and by others, who, profess- 
ing to write as independent students of the 
»-oblem, have actually been subsidized to defend 
railway position. Then there are the works, 
pany of them admirable, of professors and stu- 
dents of economics, who have treated the sub- 
ject from a broad point of view. 
The value and importance of Col. Haines’s book 
are largely due to the position of the author and 
his intimate acquaintance with railway operation 
as an official in direct charge for many years. 
\s many of our readers will recall, Col. Haines 
was for many years Vice-President and General 
Manager of the Plant system of railway and 
steamship lines. He has served as Comm seioner 
of the Southern Freight Association and he 
has held the highest office that it is in the power 
of American railway companies to bestow on 
any one, that of President of the American Rail- 
way Association. 

Such a man might naturally be expected to 
follow the current of opinion among railway of- 
ficials generally and oppose all legislative inter- 
ference with railway affairs. 

It is greatly to Col. Haines’s credit that he has 
adopted a much broader view. He accepts with- 
oul question the necessity of state or national 
supervision of railway operations. He points out 
that the days of competition in the railway busi- 
ness are practically over; that with the whole 
railway network under what is practically one 
control, competition will be no longer present to 
insure the public low rates and good service and 
hence supervision and control by some public au- 
thority fs inevitable. 

That such public control has its dangers, past 
experience has abundantly shown; and there are 
many who, because of past blunders and errors, 
decry all attempt at state supervision. From a 
broader outlook, however, it is perceived that 
with all its imperfections, restrictive railway leg- 
islation in the past has on the whole produced 
beneficial results; and that it would be as foolish 
to abandon all further attempts at state regula- 
tion because of past blunders, as it would be to 
jump to the extreme of government ownership 
because of the mismanagement and financial cor- 
ruption of which our railway history under pri- 
vate ownership has been full. 

There are a few special features of Col. Haines’s 
discussion which we may take space to note. He 
shows, for example, that a large part of the dis- 
crimination in railway rates concerning which 
complaint is made, is not discrimination between 
persons—which everybody admits to be wholly 
evil—but between places. It is not a question 
of excessive rates per se charged by the railways 
but of rates which are higher than those charged 
to some other town. It is the competition of 
New York with its rival Atlantic ports, and with 
the ports of the Gulf; the competition of Chicago 
with Kansas City; of the minor centers of whole- 
Sale trade with the large cities. We can all see 
the danger of leaving the adjustment of these 
conflicting interests to railway traffic managers; 
but other dangers will come in when public au- 
thorities have to pass on these questions. No 
more difficult and delicate task confronts our 
Federal Government than the task of acting in 
cases where the conflicting interests of different 
sections of the country must be adjusted. 

Col. Haines, we need hardly say, is fair to the 
railways. He is practically familiar with the 


railway question and with what may be called the 
pro-railway arguments that have been re- 
hearsed in the public press till they are thread- 
bare. It means a great deal for such a man to 
present so cogent and unanswerable an argument 
for public supervision as the following: 

Much of the profit derived from the construction or con- 


-solidation or reorganization of the railroad system of this 


country was legitimately the fruit of hard labor, physical 
and mental, the reward of prudent business methods or of 
intelligent foresight; but, after making a liberal allowance 
with compound interest for the investment in that railroad 
system of the savings of the humble and the capita! at- 
tracted from foreign lands, the residuum which represents 
the investments from public funds raised by taxation and 
of grants from the public domain is certainly large 
enough to entitle the citizens of the United States to a 
voice in the management of the lines of transportation 
which have been built over their private estates by the 
exercise of their own sovereign power—roads constructed 
largely from the taxation of their own property and in- 
come, a system of transportation that has rendered 
competition impossible over the public highways by 
common carriers, The interest thus acquired by the 
citizens of this country in the national railroad system is 
as legitimate an investment as that now possessed by 
syndicates, and is as much entitled to representation of 
some character. 

Perhaps the most interesting portion of Col. 
Haines’s book, and a unique and valuable record 
to the student, is the historical matter which it 
contains. The story of early rate-making, of the 
early and later passenger wars, and freight wars, 
of the granger agitation and legislation, has no- 
where been better told, and told by no one in a 
better position to know authoritatively that of 
which he writes. 

Turning now to Prof. Meyer’s book we find 
it the strongest possible contrast to Col. Haines’s. 
Prof. Meyer, in his preface, declares that he “has 
become firmly convinced of the unwisdom of gov- 
ernment regulation of railways or their rates’’; 
and he has hurried into print with this book lest 
Congress “‘may be led to enact ill-considered laws 
granting dangerously enlarged powers to the In- 
terstate Commerce Commission.” 

Part 1. of the book describes Prof. Meyer's 
studies of the state-owned and operated railways 
of Europe and Australia, and it is to be particu- 
larly noted that the Professor in his zeal to 
prove his case appears to make no distinction be- 
tween Government supervision and _ regulation 
and absolute Government ownership and opera- 
tion. In Part II. Prof. Meyer takes up conditions 
in the United States and retells the oft-told story 
of how the railways have built up the great 
West. A large part of this section of the book 
is devoted to criticism of the Interstate Com- 
merce Commission’s decisions. Prof. Meyer's the- 
sis is that the railways are better able to make 
rates than any public commission or court, and 
so far as we have found, he would leave the 
railway companies absolutely free to charge the 
shipper and traveler such rates as they choose. 
In the concluding paragraph of his book, how- 
ever, he does go so far as to say that “it is im- 
possible for the State to conserve and promote 
the public welfare by intervening in the regula- 
tion of railway rates beyond the point of seeking to 
abolish secret personal discriminations, guaranteeing that 
all rates shall be reasonable per se and providing that 
those rates which involve the question of relative reasona- 
bleness shall embody compromises which were made in 
intelligence and good faith. 

The italics are ours; and we fear Prof. Meyer 
will have to write another book to explain how 
the State can protect the public in these ways, 
which he is compelled to admit to be es- 
sential, without some such legislation as that 
which President Roosevelt has proposed for in- 
creasing the powers of the Interstate Commerce 
Commission. 


We sincerely recommend to Prof. Meyer a study 
of Col. Haines’s book. He will there find set 
forth some of the evils of the system of private 
railway management, which may match some of 
the evils of state railway control which Prof. 
Meyer has so well set forth. 

It is not because Government supervision of 
railways, or banks, or insurance companies, or 
municipal public utilities, or any form of com- 
merce and industry is expected to be ideally per- 
fect, that some of the ablest men in public life 


are favoring the extension of Government super- 
vision. It is because the evils of the present 
day private control of great monopolies have be- 
come so vast and have resulted in so vast a cor- 
ruption of the Government itself that a change 
is demanded. 

THE TENSILE STRENGTH OF COPPER-TIN ALLOYS. 
—By E. S. Shepherd and G. B. Upton Reprinted 
from the ‘“‘Journal of Physical Chemistry” of June, 
1905. Cornell University, Ithaca, N. Y¥.: The Au- 


thors. Paper; 7 x 10% ins.; pp. 476; 7 line-cuts; 3 
tables. 


Work important to the engineer, to the metal- 
lurgist or the metallographist, and to the physicist 
and chemist, is reported here. The work was done 
under a research grant of the Carnegie Institu- 
tion to Prof. W. D. Bancroft, of Cornell Univer- 
sity. A freezing-point diagram for copper-tin al- 
loys, and a tensile strength diagram, both of them 
differing materially from earlier representations 
of the facts, form central features of the results. 


> 


COMPARATIVE STATISTICS, CITIES OF OHIO 1904.~ 
Department of Auditor of State, Bureau of Inspection 
and Supervision of Public Offices. Columbus, 0O.: 
Pub. Doc. Paper; 6% x 9% ins.; pp. 160; tables. 


Ohio has the honor of being a pioneer State in 
establishing a State bureau of uniform municipal 
accounting, with State audit, returns to the 
bureau from each city and the compilation and 
publication of an annual volume of comparative 
municipal statistics. The Legislative act pro- 
viding for all this, as amended in April, 194, is 
printed in the volume before us. The statistics 
here given are compiled from returns for the year 
1904, made by the several auditors of the 71 cities 
of the State: cities in Ohio, under the new muni- 
cipal code, including all municipalities of 5,000 
population and over. The statistical tables In- 
clude consvlidated financial statements, ordinary, 
and extraordinary receipts and expenditures, 
salaries, wages, tax duplicates and tax rates, and 
miles of paved streets and of sewers. These re- 
ports promise to be of great value, both in and 
out of Ohio. 
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The Automatic Regulation of Turbines. 
Reviewed by Storm Bull.* 


DIE AUTOMATISCHE REGULIERUNG TUR- 
BINEN.—By Dr.-Ing. Walther Bauersfeld, Assistant in 
the Royal Technical High School at Berlin. Berlin, 


208; 126 figures, mostiy’in the text. marks; 
can price, $2.40, 

The subject of the regulation of the various 
kinds of prime movers has not received an ade- 
quate treatment in the technical literature of 
to-day, with the exception of Tolle’s book on the 
subject, which, like the one before us, is pub- 
lished by Springer, of Berlin. The literature in 
the English language certainly does not contain 
anything satisfactory except as dealing with 
problems of the most elementary character. The 
reason for this state of affairs is probably that 
the subject is a very difficult one, and that the 
demands for a close regulation of all kinds of 
prime movers is of comparatively recent date, so 
that the men who have been studying the problem 
have not yet found the time to bring out their 
theories and results. It is nevertheless a fact 
that the close regulation has been accomplished, 
at least to quite a satisfactory extent; and here 
again, as in so many other instances, the practis- 
ing engineers have been the leaders, to be fol- 
lowed iater by those who put the inventions and 
ideas of the former into classes and systems and 
make up the working theory. This is especially 
true of the regulators for water turbines, for 
which the governor always must be an indirect 
one, the governor always being accompanied by 
a “‘servo-motor”’” so-called, which furnishes the 
energy by means of which the regulating ap- 
paratus of the turbine is moved. The water tur- 
bine is now nearly one hundred years old, and 
for the larger part of this time the manufacturers 
have furnished more or less adequate governors 
for the same, although, as stated above, it is not 
till within a comparatively small number of years 
that the close regulation, which we require to- 


. day, has been accomplished. 


Mr. Bauersfeld’s book treats, as the title indi- 
cates, exclusively of the automatic regulation of 
turbines. The author states in his preface that 
his conclusions are equally applicable to all 


motors in which indirect regulation is required, : 


notably the steam turbines, but any one ac- 
quainted with these latter knows that indirect 
regulation is not used for all the steam turbines 
made at the present time. The book is an at- 
tempt to give a complete classification and 
theory,of the various turbine-governors now made 
and it is evident that the author is thoroughly 
acquainted with the practice of to-day, the best 
examples of American practice, for example, 
being thoroughly discussed. 


Altogether the largest part of the book is taken 
up with the theory of the subject of regulation, 
In this the author follows to a great extent the 
method of Tolle. But it would seem to the re- 
viewer that in order to reach conclusions or for- 
mulas which according to the author would be of 
such nature that they could be used in practise, 
he has made so many assumptions or approxi- 
mations that his conclusions will be of doubtful 
value. It should, however, be remembered 
that the subject covered by this book is 
to a great extent an unploughed field, and that 
it cannot be expected that after such a first 
“working” the field should be in such good con- 
dition as if it had been worked a good many 
times before. It is certainly a very interesting 
book and will reach many who will profit by it 
and carry the investigations farther. To the 
practising engineer the last fifty pages of the 
book will be the most interesting. Here he will 
find excellent illustrations, partly detailed draw- 
ings, of the best Kinds of governors for water 
turbines made at the present time, accompanied 
by satisfactory explanations. At the very end of 
the book a computation of a governor based on 
the conclusions reached in the first part of the 
book is given, and this part of the book should 
also help to make it more useful to the men in 
commercial practice. 


*Professor of Steam Engineering, University of Wis- 
consin, Madison, Wis. 
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WATER-SUPPLY AND IRRIGATION PAPERS, U. S. 
GEOLOGICAL SURVEY.—Charles D. Walcott, Direc- 
tor. ington, D. C.: Pub. Docs. Paper; 6 x 9 


ins. 

No. 123: Geology and Underground Water Conditions 
of the Jornada del Muerto, New Mexico. By Charles 
Rollin Keyes. Pp. 42; nine plates and 11 text il- 
lustrations. 

No. 135: Report of Fveqress of Stream Measurements 
for the Calendar Year 1904. Prepared under the Direc- 
tion of F. H. Newell, by D. W. Ross, J. T. Whistler, 
and T. A. Noble.. Part XII.—Columbia River and 
Puget Sound Drainage. Pp. 300; two plates and one 
text illustration. 


No. 136: Unde und Waters of Salt River Valley, 


Arizona. By Willis Thomas Lee. Pp. 196; 23 plates 
(two in ket) and 25 text illustrations. 
No. 140: Field Measurements of the Rate of Move- 


ment of Underground Waters. By Charles S. Slich- 

ter. 22; 15 plates and 67 text illustrations. 
No. 141: Observations on the Ground Waters of Rio 

Grande Valley. By Charles S. Slichter. Pp. 83; five 
plates and 32 text illustrations. 

No. 145: Contributions to the Hydrology of Eastern 
United States, 1905. Myron L. Fuller, Geologist in 
Charge. Pp. 220; six plates and 42 text illustrations. 

No. ie: A Review of the Laws Forbidding Pollution 
of Inland Waters in the United States. Second Edi- 
tion. By Edwin B. Goodell. Pp. 149. 

The rapidity with which these Papers are be- 
ing issued and reissued and the similarity of cer- 
tain of them in general plan makes any notice of 
many of them unnecessary and lengthy comment 
on most of them impracticable. Of Professor 
Siichter’s two Papers, listed just above, it may 
be said that No. 140 is an amplification of an 
earlier one (No. 67) on the same subject, and is a 
practical monograph which may well be eagerly 
sought by anyone to whom the subject appeals. 
No. 141, ineluding both underflow tests and tests 
of numerous pumping plants, is also an eminently 
practical Paper. 

Paper 145 contains 20 sections by 14 geologists, 
edited and in part written by Mr. M. L. Fuller, 
Chief of the Bastern Section, Division of Hy- 
drology. It is the third of a series of progress 
reports on the subject indicated. The papers are 
grouped under five heads: (1) special artesian 
problems; (2) water resources of certain areas; 
(3) descriptions of special localities; (4) water 
supplies of special types of deposits; (5) descrip- 


tions of important springs. Most of the 20 contri- 
butions are chiefly of local interest. The sectioy 

of most general interest are: “Drainage of Pon) 

into Drilled Wells,” by Robt. E. Horton, the ob 
ject here being land reclamation. “Construction 
of the So-Called Fountain and Geyser Springs,” 
and “A Convenient Gage for Determining Low 
Artesian Heads,” both by Mr. Fuller. The last- 
named paper is condensed from an article by Mr. 
Fuller entitled “Measurement of Low Artesian 
Heads,” published in Engineering News for June 
8, 1905. 

In Paper 152 Mr. Goodell brings down to 
1905 his summary and discussion of the common 
law and the statutes of the various States on the 
important subject of water pollution. 


THE ROAD-BUILDERS.—By Samuel Merwin. With I!- 
lustrations by F. B. Masters. New York: The Mac- 
millan Co. London: Macmillan & Co., Ltd. Cloth; 


5 x 7% ins.; pp. 313. $1.50. 

To those who know or wish to know about rail- 
way construction in the arid West, under the 
stress of competition with a rival line, this story 
will be interesting. The character of Paul Car- 
hart, the resolute and successful engineer of con- 
struction, is particularly well drawn. There is 
no lack of well contrived incident and on the 
whole the book is true to life. 


REPORT OF THE NEW YORK BAY POLLUTION CoM- 
MISSION.—To Hon. Frank Wayland Higgins, Gov- 
ernor. March 31, 1905. Louis L. Tribus, Secretary 
(84 Warren St., New York City). Albany, N. Y.: Pub. 
Doc. Paper; 5% x 9 ins.; pp. 135; folding map. 

A lengthy abstract of the body of this report 
and a list of the appendixes, accompanied by edi- 
torial comment, was printed in Engineering News 
for May 4, 1905. The main conclusions were 
against the discharge into the Bay of untreated 
sewage from the proposed Passaic Valley trunk 
sewer and the formation of a New York-New 
Jersey Metropolitan District Sewerage Commis- 
sion to report on ocean disposal for the district. 
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Sngle Wire Independent Telegraph Circuits. 
Reviewed by Wm. Maver, Jr.* 


RONOUS AND OTHER MULTIPLE TELE- 
_PHS.—Some Methods of Obtaining Independent 
zraph Circuits on a Single Wire both with and 
out Synchronism. By Albert Cushing Crehore, 
D., M. Am. Inst, BE. E., Author of ‘Alternating 
ents” (with F. Bedell). New York: McGraw 
lishing Co. Cloth; 6 x 9% ins.; pp. 124; 42 figures 
‘he text. $2. 


appears to be somewhat out of the ordinary 
¢ technical books. Its broad title might 
y lead to the inference that it is a work 
ng to the general subject of synchronous 
and »ther multiple telegraph systems, but the sub- 
title is more qualifying and limits the book to a 
dis. ssion of “some methods of obtaining in- 
dep ndent telegraph circuits on a single wire 
bot): with and without synchronism.” The 
me nods referred to are presumably due to the 
au’ or. 

.e multiple telegraph systems other than syn- 
-h,onous systems discussed in the book are modi- 
ions of the Edison Phonoplex, the Varley and 
er somewhat similar systems; sometimes 
»ied superimposed systems. Systems of this 
kind have been fairly well tried out in practice, 
and their use appears to be on the wane, not 
icogether because of inherent technical or eco- 
nomieal defects in the systems, but rather because 
other methods of communication are gradually 
supplanting them. The author states that his 
system of this kind was installed on a railroad 
telegraph line several years ago, but he omits to 
state with what degree of success this circuit 
has been operated or whether it is at present in 
operation. 

The first part of the book is taken up with a 
description and discussion of instances of the type 
of telegraph systems just mentioned. The second 
and third parts of the book relate to methods of 
obtaining synchronism at distant points; and to 
synchronous telegraphs, respectively. The sub- 
ject matter of the second and third part of the 
book consists generally of a description of the 
laboratory experiments of the author with syn- 
chronous telegraphy and the apparatus therefor. 

In the preface the author states that the re- 
sults of the experiments referred to worked out 
in detail in the laboratory on artificial lines have 
afterwards been applied to real wires with almost 
identical results. Unfortunately, however, the 
text gives no clue to the actual lines on which 
the author’s synchronous systems (if he refers to 
the results of actual practice) have been em- 
ployed; nor, if employed in actual line service, 
does he give any intimation as to the quality of 
the service rendered. This is the more to be re- 
gretted, perhaps, inasmuch as synchronous tele- 
graph systems that have worked beautifully in a 
laboratory have been known to fail dismally under 
actual line tests. 

The author himself does not appear to be cer- 
tain that synchronous telegraph systems will come 
into general operation. He says (page 46): “If 
synchronous telegraphs ever come into more gen- 
eral use, it is difficult to say how the problem 
of obtaining synchronism will be solved, etc.” 

The book contains some very interesting in- 
formation on the well known “'tailing’’ action of 
electric currents in rapid telegraphy, whereby 
the current is felt on receiving circuits connected 
with segments not in synchronism with the trans- 
mitting segments. These effects were already well 
known to workers in synchronous telegraphy, but 
the author has taken pains to show by laboratory 
experiments the conditions under which this tail- 
ing effect becomes harmful, and he indicates cer- 
tain means whereby possibly it may be dimin- 
ished, if not eliminated. The author also points 
out how by suitable arrangements of the segments 
of the rotating disks or cylinders usually em- 
ployed in synchronous telegraphs, it may be prac- 
ticable to send messages in opposite directions 
on one wire. 

The author’s purpose in writing this book is 
not stated, and the text does not make it entirely 
clear. It is, however, to be presumed that the ar- 
rangements or. systems shown in the book are pro- 
tected by letters patent and it is conceivable that 
the author takes this means of obtaining a hear- 
ing before the technical public. 


*Electrical Engineer, 136 Liberty St., Tew York City. 
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BRIDGE AND STRUCTURAL DESIGN.—By W. Chase 
Thomson, M. Can. Soc. C. E., Assistant Engineer 
Dominion Bridge Co., Montreal, "Canada. New York: 
The Engineering News Publishing Co. Cloth; 6 x 9% 
ins.; pp. 88; 76 figures in the text. $2. 


THE CITY.—The Hope of Democracy. By Frederic C. 
Howe, Ph. D., Author of “‘Taxation and Taxes in the 
United States under the Internal Revenue System.” 
New York: Charles os Sons. Cloth; 5% x 
8% ins.; pp. 319. $1.50, net. 


DISPOSITION OF MUNICIPAL REFUSE.—American 
Conditions Illustrated by Data from Representative 
Cities. By Col. W. F. Morse, Sanitary Engineer (25 
Broad St., New York City). Reprinted from the Octo- 
ber, 1905, issue of the “Municipal Journal and Engi- 
neer.”” Paper; ¥% x 12 ins.; pp. 169 to 173. 


EARTHWORK TABLES.—By R. S. Henderson. Part I. 
Preliminary Earthwork Tables, Giying Cubic Yards 
per 100 Feet for Level Sections, to’which is added a 
Graphical Method of Estimating Quantities from a 
Profile. Part Il. Earthwork Tables, Giving the Vol- 
ume in Cubic Yards of Prismoids 100 Feet Long by 
the Average End Area Method. New York: The En- 
gineering News Publishing Co. Stitt paper; 12% x 9% 
ins.; pp. 32. $1. 


ELEMENTS OF DESCRIPTIVE GEOMETRY.—With Ap- 
plications to Isometric Projection and Other Forms 
of One-Place Projection. A Text-Book for Colleges 
and Engineering Schools. By O. EB. Randall, Ph. D., 
Professor of Mechanical Drawing, Brown University. 
Boston and New York: Ginn & Co. Cloth; 6% x 9% 
ins.; pp. 209; 193 figures in the text. $1.50. 


FOWLER'S ELECTRICAL ENGINEER’S YEAR BOOK 
AND DIRECTORY OF LIGHT, POWER AND TRAC- 
TION STATIONS.—1906. Manchester, Eng.: .Scien- 
tific Publishing Co. Leatherette; 4 x 6% ins.; pp. 
643; illustrated. Post free, 1% shillings; American 
price, 70 cts. 

FOWLER’S MECHANICAL ENGINEER'S POCKET 

BOOK, 1906.—Edited by William H. Fowler, Wh. Sc., 
M. Inst. C. E., M. I. Mech. E., M. Iro n'and Steei 
Inst. Manchester, Eng.: Scientific Publishing Co. 
Leatherette; 4 x 6% ins.; pp. 516; illustrated. Post 
free, 1% shillings; American price, 70 cts. 

TWO GROWTHS OF CHLAMYDOMONAS IN _ CON- 
NECTICUT.—By Frederick 8S. Hollis (New Haven, 
Conn.). Reqeuses from Transactions of the Amer. 
Micro. Soc., Vol. XXIV., 1803. Paper; 6% x 9% ins.; 
pp. 13 to 16 

HANDBOOK OF METALLURGY.—By Dr. Carl Schnabel, 
Konigl. Preuss. Ober-Bergrath Professor of Metal- 
lurgy. Translated by Henry Louis, M. A., A. R. 8S. 
M., F. I. C., ete., Professor of Mining at ‘Armstrong 
College, Newcastle-upon- Tyne. Second Edition. Vol. 
I. Copper—Lead—Silver—Gold.. London: Macmillan 
& Co., Ltd. New York: The Macmillan Co. Cloth; 
6 x 9 ins.; pp. 1,123; 715 figures in the text. $6.50. 


IMMUNITY IN INFECTIVE DISEASES.—By Elie Metch- 
nikoff, Foreign Member of the Royal Society of Lon- 
don, Professor at the Pasteur Institute, Paris. Trans- 
lated from the French by Francis G. Binnie, of the 
Pathological Department, University of Cambridge. 
Cambridge, Eng.: The University Press. New York: 
The Macmillan Co. Cloth; 6% x 9% ins.; pp. 591; 
$2 sores in the text. 18s., net; American price, 

».25, 

MODERN ENGINEERING.—With Ques- 
tions and Answers. A Plain, Practical Treatise on 
the Construction, Care and Management of Modern 
Locomotives. By Calvin F. Swingle, M. E., Author 
of the 20th Century Hand Book for Steam Engineers 
and Electricians; Steam Boilers, their Construction, 
Care and Management, etc., etc. Chicago, Ill.: Fred- 
erick J. Drake & Co. Leather; 4% x 6% ins.; pp. 
630; folding and other plates, and many text illus- 
trations. 3. 

OFFICE OF EXPERIMENT STATIONS.—(A. C. True 
Director). Annual Report for the Year Ended Juné 
30, 1904. Washington, D. C.: Pub. Doc. Cloth; 6 x 
9% ins.; pp. 724; 42 plates and 11 text illustrations. 

PHYSICS.—By Charles Riborg Mann, The University of 
Chicago, and George Ransom Twiss, The Central 
High School, Cleveland. Chicago: Scott, Foresman 
& Co. Cloth; 5% x 8 ins.; pp. 453; eight plates and 
237 text illustrations. $1.25. 

PROCEEDINGS OF THE MUNICIPAL ENGINEERS OF 
THE CITY OF NEW YORK.—Edited by The Pub- 
lication and Library Committee. W. R Roberts. 
Editor and Business Manager. New York: 
The Society. Cloth; 6 x 9% ins.; pp. 211; 38 plates 
and six text figures. 

THE PRODUCTION OF PETROLEUM IN i904.—By F. 
H. Oliphant. Extract from Mineral Resources of the 
United States, Calendar Year 1904: David T. Day, 
Chief of Division of Mining and Mineral Resources. 
Washington, D. C.: Pub. Doc. Paper; 6 x 9 Ins.; 
pp. 312; one plate. 


—, ACTIVITY.—By E. Rutherford, D. Sc., F. R. 8.. 
R. 8. C., Macdonald Professor ‘of Physics, McGill 
Gaiesrerty. Montreal. Second Edition. Cambridge, 
Eng.: The University Press. New York: The Mac- 
millan Co. Cloth; 5% x 8% ins.; pp. 580; 108 figures, 
mostly in the text. 12s. 6d., net; American price, 
$3.50, net. 


THE SANITARY PROTECTION OF WATER SUPPLIES. 
—By Kenneth Allen, Chief Engineer Water Depart- 
ment, Atlantic City, N. J. (Reprinted from Journal 
Franklin Institute, October, 1905). Paper; 6 x 9 ins.; 
pp. 297 to 323. 


THEORY OF STRUCTURES AND STRENGTH OF MA- 
TERIALS.—By Henry T. Bovey, M. A., LL. D., D. 
c. L., F. R. 8., M. Inst. C. E., Professor ‘ot Civil 
Engineering and Applied Mechanics, McGill Uni- 
versity, Montreal. Fourth Edition, rewritten and en- 
larged. New York: John Wiley & Sons. London: 
Chapman & Hall, Ltd. Cloth; 6 x 9% ins.; pp. 968; 
943 figures in the text. $7.50, net. 
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Pipes, and Open Channels 
A TEXT-BOOK FOR ENCINEERING SCHOOLS | 


By IRVING P. CHURCH, M. C. E., Assoc. Amer. Soc. Civ. Eng., Professor of Applied Mechanics 
and Hydraulics at Cornell University 


8vo, ix-+ 280 pages, 130 figures. Cloth, $2.00 


Rams. Hydraulic Air-compression. 


CONTENTS: General Considerations and Principal Types of Motors. Gravity Motors: Over- 
shot Wheels, etc. Preliminary Theorems, Fundamental to the Theory of Turbines and Centrifugal 
Pumps. Impulse Wheels, including Pelton and Girard Types. Turbines and Reaction-wheels. 
Draft-tube and Diffuser. Testing and Regulation of Turbines, Centrifugal Pumps. ‘Turbine 
Pumps.’’ Multi-stage Centrifugal Pumps. Pipes, Weirs, and Open Channels. Diagrams. Water- 
hammer: Theory and Joukovsky’s Experiments. Pressure Engines, Accumulators, and Hydraulic 


JOHN WILEY & SONS, 43 and 45 E. i9th St., New York City , 


| 

| 

34 

| 

riled 

| 

| 

} 


536 


ENGINEERING LITERATURE. 


November 16,1. - 


STATISTICS OF RAILWAYS IN THE UNITED STATES. 
—Annual Report for the Year Ending June 30, 1904 
Prepared by the Statistician to the Commission. In- 
terstate Commerce Commission (Edward A. Moseley, 
Secretary). Washington, D. C.: Pub. Doc. Cloth; 
6.x 9% ins.; pp. 709; folding map. 


THE TRANSMISSION OF HEAT THROUGH COLD- 
STORAGE INSULATION.—Formulas, Principles and 
Data Relating to Insulation of Every Kind. A Manual 
for Refrigerating Engineers. By Charles P. Pauld- 
ing, M. E. New York: D. Van Nostrand Co. Cloth; 
5% = 8 ins.; pp. 41; 10 tables and seven figures in 
the text. $1, net. 


ZUR THEORIE DER ZENTRIFUGALPUMPEN.—By Dr. 
Egon R. v. Griinebaum. Berlin: Julius Springer. 
Paper; 5% x 8% ins.; pp. 119; three plates and 89 
text figures. 3 marks; American price, $1.20. 


Literary Magazines. 


Two interesting studies of the labor problem 
first attract our attention in the November mag- 
azines. The first, in the “Journal of Political 
Sconomy,” a quarterly published by the Univer- 
sity of Chicago, relates to the Chicago teamsters’ 
strike of last spring. The author states that that 
strike was actually declared and carried out 
by the labor leaders for personal gain. He goes 
further and declares that present day labor unien- 
ism is permeated through and through with graft. 
That the labor union exists not to benefit labor 
as a whole but the members of a little band who 
would shut out by force all other workmen from 
doing the work in which they are engaged. That 
the labor leader holds office not to represent the 
interests of his union as a whole, but ‘to work for 
his own pocket all the time.” In “Scribner’s” 
M. J. Lawrence Laughlin writes on ‘“‘The Hope for 
Labor Unions.” He urges that unions, by fixing 
the qualifications for admission on a plane of 
high labor efficiency may actually control the 
market in their particular trade, so that em- 
ployers will prefer to pay union wages and employ 
union labor, because of its greater efficiency. 
Some great and strong unions have in fact car- 
ried this principle into practice and owe to it 
much of their success. 


In the “Century” for November Mr. Wm. Bar- 
clay Parsons writes on “The Panama Canal.” 
It is, of course, a paper written for the popular 
reader, but an excellent summary of the past 
history and present status of the enterprise is 
given. An article on Panama written in a very 
different vein is found in the November “World's 
Work.” It is entitled “Real Conditions at Pana- 
ma,” and its author, Mr. Eugene P. Lyle, ZJr., 
describes some of the things on the Isthmus that 
have given rise to criticism and complaint. He 
writes of conditions that existed in August last 
and explicitly states that. with the advent of the 
new Chief Engineer, Mr. Stevens, order is being 
brought out of chaos and a new spirit is ani- 
mating the whole working force. The labor ques- 
tion is still to be solved, and is confessedly a 
most difficult one. We commend Mr. Lyle’s article 
to any engineer who is interested to learn what 
work and life at Panama has been like during 
the present year. We do not say is now or will 
be in the future, for Mr. Shonts’ statement in this 
issue shows that an organization is being effected 
at Panama which will enable the great work to be 
carried out in an efficient manner. 

Two other “World's Work” papers of engineer- 
ing interest relate to railway construction. One 
describes the work in progress on the Denver, 
Northwestern & Pacific, better known, perhaps, as 
the “Moffat” road. The other tells how Korea 
was opened to civilization by the railway. 

In the “Athantic” for November Mr. F. W. 
Coburn writes on “Telephone Development in the 
United States,” and shows how enormously the 
use of the telephone has increased during the past 
decade. In New York City, for example, there 
were only 10,000 subscribers a decade ago, and 
on Oct. 1, 1904, the number had grown to 136.391 
in Manhattan and the Bronx. Mr. Coburn 
shows in an admirably clear manner that the 
telephone business is a natural monopoly and 
that the so-called “independent” telephone move- 
ment is economically unsound. He does not go 
on, however, as he might have done, to show that 
Government supervision and regulation of the 
telephone rates will be a necessary accompani- 
ment of the monopoly establishment. 
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COST DATA 


CONTRACTORS. ‘AND ENGINEERS 


A Reference Book giving Methods of Construction and Actual Costs 
of Materials and Labor on Numerous Engineering Works 
BY 


HALBERT P. GILLETTE, Consulting Engineer 


In Gillette’s ‘‘ Handbook of Cost Data’’ every contractor will find what he 
has long wanted, namely, a book written by an experienced contractor giving records 
of actual cost of labor and materials on numerous jobs. This book has 622 pages of 
cost records, and the records are not theoretical, but are based upon the time-books 
of the author and those of other contractors and engineers. The book is divided 
into 14 sections, or parts, as follows: (1) Cost-keeping, Preparing Estimates, Organi- 
zation of Forces, etc.; (2) Cost of Earth Excavation; (3) Cost of Rock Excava- 
tion, Quarrying and Crushing; (4) Cost of Roads, Pavements and Walks; (5) Cost 
of Stone Masonry; (6) Cost of Concrete Construction of All Kinds; (7) Cost of 
Water Works; (8) Cost of Sewers, Vitrified Conduits and Tile Drains; (9) Cost 
of Piling,,Trestling and Timberwork; (10) Cost of Erecting Buildings; (11) Cost 
of Steam and Electric Railways; (12) Cost of Bridge Erection and Painting; (13) 
Cost of Railway and Topographic Surveys; (14) Cost of Miscellaneous Structures. 

To egntractors and engineers who have purchased Mr. Gillette’s two books 

‘Earthwork and Its Cost’? and “‘ Rock Excavation—Methods and Cost,”’ it is 
needless to. explain that he is the greatest living authority on estimating the cost of 
excavation. That he is equally proficient in other lines of cost estimating is shown in 
this “* Handbook of Cost Data.”” Send for 24-page circular giving full contents and 
sample pages of this handbook. 


Leather, Gilt Edges, 4% x 7inches; XII + 610 pages,illustrated. Price, $4.00 net, postpaid 


‘ROCK EXCAVATION, METHODS AND COST 


By Halbert P. Gillette. Cloth, 5x 734 inches ; 384 pages. $3.00 net 


EARTHWORK AND ITS COST 


By Halbert P. Gillette. Cloth, 5x 1% inches; 256 pages. $2.00 net 


JUST PUBLISHED 
From Zero to 60 feet 


TABLES OF SQUARE by 16ths of an inch 
LOGARITHMS OF 32DS From Zero to 60 feet 
For Engineers. 


SINES, TANGENTS, ETC. 
By G. D. Inskip. Flexible leather ; ; tape bound ; 5% x 7 inches; 208 pages. Price, $2.50 net 


‘©A book of tables should be clearly printed on the best paper and bound so that it will stay open 


atany page when lying on the desk. This book meets these requirements and leaves ie to be 
desired.— Engineering News. 


CEMENTS, MORTARS AND CONCRETES 


THEIR PHYSICAL PROPERTIES 
A full compend of the results of careful tests by various authorities 
By Myron S, Falk, Ph. D., Instructor in Civil Engineering, Columbia University 


Cloth; 6xg inches; 184 pages. Price, $2.50 net 


PRACTICAL CEMENT TESTING 


By W. Purves Taylor, Engineer in Charge Philadelphia Municipal Testing Laboratories 
Cloth; 6x ginches; about 300 pages; 150 illustrations 
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